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Over the past few years information technology (IT) and business alignment has 
become a great concern to organizations. To achieve alignment has become a 
daunting task for organizations due to rapid changes in business environment 
and lack of IT support. In business organizations business processes and IT are 
interrelated and interact with each other where one entity influences to another 
entity i.e. evolution in business processes requires evolution in IT and vice versa. 
When this co-evolution is not well aligned, a gap is created due to wrong 
configuration between business requirements and IT deployment.  
Organizations usually strive to bridge the gap by implementing business 
and IT strategies (i.e. top-down planning) and tend to ignore other aspects of the 
co-evolution. Alignment is a continuous co-evolutionary process in which all 
components of business and IT are interrelated and enhance organization 
performance. The co-evolution between business and IT is not restricted to a 
level but it occurs at all levels and therefore, it is necessary to understand and 
study co-evolution at all levels within organizations. This thesis presents a co-
evolutionary framework that helps to study and understand the co-evolution at 
iii 
 
three levels i.e. strategic level, operational level and individual level in an 
integrated fashion. The three levels need to co-evolve so that all components at 
each level co-evolve. This framework will speed up the alignment in 
organizations.  We argue that the lack of knowledge of business among IT people 
and IT knowledge among business executives may cause the gap; therefore, a 
need arises to have a knowledgeable mediator between the domains that could 
help in the co-evolution. A K-mediator (i.e. knowledge mediator) has been used 
in the proposed co-evolutionary framework that facilitates the co-evolution at 
each level. Finally the thesis presents a case study in financial domain in order to 
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 Motivation and rationale for conducting research 
 The gap between business and information technology 
 Purpose of the research 
 Research question 
 Organization of thesis 
__________________________________________________________________ 
This chapter provides a description of the background and rationale for 
carrying out the research and describes different issues and problems that need 




to be addressed. It also provides a description of the research purpose, the 
questions being addressed in the research and the significance of the study. 
1.1  Motivation and Rationale to Conducting Research 
Information technology (IT) now is an essential part of business 
organizations and, therefore, a greater interdependence between IT and business 
has evolved. As digital computing has evolved during the last 35 years, the IT 
industry has grown and provided a number of tools for business growth and 
new models in order to support business processes and make them more 
efficient.  Business organizations throughout the world are investing millions of 
dollars and pounds in order to acquire IT solutions for their business processes. 
Likewise, IT companies are spending enormous amounts in research and 
development in order to meet business requirements. Information technology in 
general has penetrated into business operation worldwide and businesses have 
become more dependent on IT and its products and services.   Predominantly, a 
change in local and global marketplace forces business organizations to adopt IT 




and its services in order to be competitive in the marketplace, otherwise they 
may lose customers and business. The high dependency of business 
organizations on IT and its products places high demand on IT organizations to 
develop and deliver effective, efficient and high quality applications in order to 
meet business requirements in a timely manner. Evolution of businesses and 
their requirements constantly put pressure on IT and its products in order to be 
of high quality. ‚<All precepts such as ‘reusing software’, ‘reengineering the 
business’, ‘domain engineering’, and ‘component based development’ become 
mere slogans if the necessary software does not properly meet business needs 
*1+‛.  The growing business requirements create opportunities for new 
technologies, and advancements in technology provide new business processes 
and models. Therefore, business processes and IT co-evolve and in turn co-
evolutionary changes generate successes in business organizations.  When 
organizations adopted IT and started using it at large scale throughout the 
business, the organizational structures are also modified.  




Organizations have realized the importance of a centralized IT 
department which will be responsible for the development and maintenance of 
technologies. Albeit, new organizational structure improved the efficiency in 
operating business by using IT, it also created a gap of communication between 
business executives and IT department. This business-IT gap is created due to the 
misalignment between business requirements and supporting IT.   
Researchers and practitioners recognize the importance of business-IT 
alignment. Although, the alignment is important but difficult to achieve, 
organizations strive to develop an effective process for alignment so that it can 
not only fulfill the technical needs but also accomplish the business objectives 
too. Many researchers have developed models and used different survey 
instruments in order to measure alignment between business and IT 
[77][123][124][125]. 
Businesses always face challenges such as marketplace, competitors, 
political situation and legislation that cause change in requirements. Large 
businesses such as financial institutions, the auto industry and 




telecommunication that have various products and services are forced to alter 
their business requirements due to above stated factors. The continuous 
development in IT brings up the need to adapt existing and old system in order 
to provide more reliable, efficient and effective business processing. 
IT-service businesses recognize the gap between the two entities. Business 
people consider strategy, problems and external pressure, while IT personnel 
think about platform, middleware, network and applications. In business 
communication an informal and natural languages is used whereas IT requires a 
formal and artificial language in a specific background for task processing. Due 
to the co-evolution between business and IT there will always be a gap between 
the two entities and increasingly the need to bridge the gap is a paramount 
concern in organizations. 
There is a need of a framework that could facilitate organizations to 
understand co-evolution in an integrated way. A co-evolutionary approach helps 
to understand the reasons for the gap. This approach suggests a framework that 




could assist organizations for reducing the gap and estimate the rate of evolution 
of business and technology. 
1.2  The Gap between Business and Information 
Technology 
It is well known that IT services and products directly affect business 
processes and play an essential role in organization success. Adoption of IT in 
businesses has shown significant increase in efficiency that achieved higher 
return on sales than those businesses without or low IT efficiency [2].   But 
simply adding IT to existing business processes will never provide the desired 
and competitive advantages. For a better support through IT services and 
products it is important to redesign business processes. Co-evolution in both 
business requirements and IT at the same time has great impact on businesses 
but this rarely happens as the rate of evolution between both business processes 
and IT is different. With the advancements in business processes usually IT 
remains intact or vice versa and hence a misalignment occurs. Figure 1.1 shows a 




simple misalignment model between business and IT where business processes 
are evolved (i.e. addition of new service in black circle) but the supporting 
technologies do not evolve and therefore, a misalignment occurs [128]. This 
misalignment may be due to the financial constraints that do not allow deploying 




               Business processes       IT services 
Figure 1.1 A misalignment model 
A change in business processes affects IT and requires new system that 
could fulfill the new business requirements. Since financial constraints do not 
allow technology to be replaced or updated, applications are built on old 
technology or required functionality is added into the existing system which 
contributes problems in the systems.  




An alignment is defined as a process of relating two systems or entities. 
An effective alignment greatly influences IT effectiveness and leads to superior 
business performance.  When an entity evolves without referencing a change into 
another entity the alignment is disturbed. This misalignment greatly impacts on 
the system that depends on both the entities. A telecommunication company 
recently announced a process of procurement online for its employees in order to 
purchase items online to save time and improve employees’ efficiency, but the 
system could not be available due to lack of supporting technologies and 
networking connection with the suppliers. This misalignment between business 
process and IT induced frustration among employees that eventually affected on 
their performance and business as whole. Another company introduced utility 
bill payment service online in order to facilitate customers, but the low 
bandwidth and inconvenient application interface refrained customers to use 
such facility. This misalignment between business and IT caused loss in business 
as the customers switched to another company for better, convenient and quick 
service. In organizations when business needs are fulfilled by applying IT in a 




timely and collaborative manner to achieve the organization’s goals and 
objectives effectively, it is said there is alignment between both business and IT.  
Alignment is measureable and organizations measure alignment. The 
importance of alignment between business and IT has been recognized a long 
time ago [3][4]. IT delivers systems and services that are significant to 
organization’s strategies, operations and user requirements which can happen 
only in the presence of alignment. Alignment is a result of interaction between 
business and IT. The IT is the main entity that works with business in order to 
automate the processes.  
The rapidly changing business requirements demand to develop new 
business processes and evolve the supporting IT in order to be competitive in 
market [5]. When business processes and supporting technologies are evolved, 
essentially the alignment gap should be kept a minimum between both the 
domains. When the gap between business and IT is minimum, then alignment is 
said to effective and, therefore, it improves the performance of the business. 
Alignment between business and IT causes more benefits including corporate 




agility and efficient decision making. In organizations the alignment between 
business and information technology is disturbed due to the miscommunication 
and absence of a language that is common to both the domains. In viewing this 
business objectives are not supported by the IT strategy and the relationship 
between both the entities becomes a failure. Therefore, it is necessary to have a 
tight alignment so that business and IT domains co-evolve effectively. Only 
effective collaborative partnership at all levels and continuous adjustment can 
sustain the alignment. A change or modification in any of the business processes 
and supporting technology can cause misalignment between the business and IT. 
The change in a process of either entity (business or IT) influences other 
dependent processes regardless of which process or object was modified.  
1.3  Purpose of Research  
The main purpose and contribution of this research is to develop an advanced 
understanding on the subject of co-evolution of business and information 




technology and to develop a framework for reduce the gap between the two 
entities. 
 The research seeks to achieve the main goal by meeting the following 
objectives: 
 To develop a computational model for co-evolution between business and 
information technology 
 To study and analyze the inter-relationship between business and 
information technology   
 To develop a framework for co-evolution in order to understand co-
evolution in an integrated fashion 
 To evaluate the framework on financial domain 
Our research focuses on the organization environment relationship as co-
evolution takes place at multi levels. We hope that our framework will help to 
study co-evolution at three levels i.e. strategic level, operational level and 
individual level in an integrated fashion. As Preston et al [83] said there is a lack 
of communication among business executives and IT personnel and therefore, 




they are unable to comprehend requirements from each other. Our framework 
will reduce such lacking since K-mediator tool is knowledgeable in both the 
domains and will assist co-evolution at each level.  
Business organizations are running their businesses successfully and still 
survive in marketplace without using our co-evolutionary framework. They even 
continue to do so in future, but in fact they are not generating the revenue as 
they can do. Most of the organizations focus on adapting strategies at higher 
level in order to achieve co-evolution, but still cannot get the desired results. Our 
co-evolutionary framework will help organizations to co-evolve at all levels and 
generate higher revenue while staying within the constraints of their changing 
requirements. The framework is evaluated in financial domain using a case study 








1.4  Research Question 
This research poses a fundamental question: 
Is there any systematic and scientific theory for co-evolution that may assist in 
discovering a novel/efficient technique to reducing the gap between business and 
information technology? 
This question leads to further sub-questions as: 
a. Does an integrated environment in organizations impact on the gap between 
business and IT ?  
b. Is the linkage between business and information technology effective? 
The answers of the above stated two sub-questions lay the foundation for 
achieving overall research goal.  
1.5  Organization of Thesis 
In this thesis we begin with the chapter that illustrates the background of 
co-evolution of business and information technology and the research question 
of the study. Chapter 2 presents a literature review and discusses several 




computational models and introduces a definition of computational model. Also, 
it discusses evolution and co-evolution of business and information technology. 
The chapter also reviews related work in detail. The Chapter 3 describes the 
research methodology, proposed approach and relevant information. Chapter 4 
discusses the business process evolution and importance of externalization of 
business processes, the role of IT in business processes and co-evolution between 
business and IT. The chapter presents a co-evolution model and discusses the co-
evolutionary requirements. Chapter 5 describes the business and technology 
architectures and discusses several alignment frameworks. In this thesis we have 
used the terms model, framework and architecture interchangeably. The chapter 
also presents the importance of strategic alignment between business and IT. 
Finally, the chapter presents our proposed co-evolutionary framework. The 
Chapter 6 provides an evaluation of the architecture in the financial domain. 
Chapter 7 concludes the study and describes the future work. 
 
Chapter 2   
Literature Review 
_________________________________________________ 
 A review of computational models 
 A review of evolution and co-evolution of business and information 
technology 
 
 Business process evolution 
 




This chapter provides review of some computational models that aid to construct 
foundation of the proposed co-evolutionary framework and its components. The 
computational models may be used to develop the proposed co-evolutionary 




framework in different environments. The chapter also describes an overview of 
evolution and co-evolution of business and IT that are fundamentals of the 
proposed co-evolutionary framework. In this chapter various alignment models 
have been reviewed that relate to the research study and some useful 
frameworks have been identified that may help in developing the proposed co-
evolutionary framework. 
2.1  A Review of Computational Models 
A model is an illustration of a system that abstracts clear and certain 
features without showing details [129]. A model is a convenient way to analyze a 
complex entity by focusing on specific aspects, removing the details that are not 
relevant in order to see clearly one characteristics of interest. A complex technical 
environment like an architecture solution or business that is difficult to 
understand can be understood by models. A model can be developed by using 
other models changed from one layer to another layer of abstraction.  




A computational model is a blueprint of a computation performing over 
particular architecture. The software industry in its all diversity aims at writing 
programs that can be executed efficiently in a diverse world of hardware.  
2.1.1  Distributed Parallel Programming Model 
A distributed computing model is composed of different computers that 
interact with each other for achieving a common goal [6]. The model allows 
distributed processing data and objects over the network of systems that are 
connected with each other [9]. This helpful to solve a complicated problem that 
requires significant time. 
Evolutionary algorithms (EAs) are usually used to solve difficult and time 
consuming problems, therefore parallel distributed environment is useful to run 
EAs and this approach has been developed successfully [7]. The evolutionary 
algorithms may be useful in understanding co-evolutionary study and for 
development of systems.  
 




2.1.2  Client-Server Computing Model 
The scalability and complexity of software applications have exposed 
various shortcomings in traditional computational models. It is supposed that 
the computers connected to a server give a best performance in terms of price 
and this has developed an interest in client-server model. Client-server model 
makes sympathetic effective computing controllable by supporting chunks of 
applications that are shared by different users [11]. Developers for a client-server 
model divide the load for processing in two different logical processes i.e. client 
and server. As a common model resources are distributed and in a client-server 
system processes for client and server can be run on different computers.  
Middleware binds clients and servers together to form a unified system in 
a distributed client-server system. The middleware is a software layer that 
provides convenience of accessibility of information between clients and servers. 
  
 









Figure 2.1: A client-server model 
The figure 2.1 shows a client-server model where a client sends a request 
through a web browser to a server. Both client and server are connected by 
protocols. Upon receiving a request from a user the server sends the required 
data. 
There are two models in a client-server architecture i.e. thin-client and fat-
server model and fat-client and thin-server model. In the first type of model (i.e. 
the thin-client and fat-server model), the client computer manages the 
presentation while the major part of the functionality is carried out on the server. 
The functions that are implemented included in both client side and server-side. 
Another type of client-server model is completely different than of the first type  
Platform 









i.e. the server in this model manages the database while the rest of the 
functionality is implemented by the client [12]. 
A very well known model in client-server field is the three-tier client 
server model that consists of an interface tier, a business tier and a database tier 
[13]. The three-tier client-server model has database server as local to the 
application server. Essentially for a distributed three-tier client server model, the 
server needs to be installed on a separate independent machine on the network. 
This model facilitates server application to access different databases and web 
services application is an example of this model. Nowadays mobile services are 
available and clients access the services on the move. A client-server style of 
communication can be used in mobile systems [10]. 
 2.1.3  Peer-to-Peer (P2P) Computing Model  
Peer-to-Peer (P2P) is a computing model that is described as a collection of 
distributed processing units called peers [14]. In this model several network 
devices or peers share resources, exchange data, communicate and collaborate in 




real time with each other independently without using central servers. On a P2P 
network a peer may interact with other peers in a multifarious fashion, for 
example, a complicated computational problem can be broken into different 
subtasks in order to run in tandem on the network to complete a given task.  
Figure 2.2 shows a peer-to-peer model where different members of an 
organization who have been given task are working on sub-tasks in parallel. The 
peers share resources and exchange data in real time. Some other examples 



















There are various benefits of P2P model that offers to its users and many 
conglomerates. One of the great benefits of P2P model is to utilize the resources 
that are never used such as processing power for large-scale computations and 
huge storage potential. Due to P2P model the restriction of single-source access 
has been removed. The P2P model can be used for distributing data and control. 
There has been a risk of single-point failure for performance optimization, but 
P2P has helped in eliminating such risk. Using P2P infrastructure, organizations 
may save revenue by providing distributed services to the clients and replacing 
the data centers that involve heavy cost. Also for data backup and retrieval the 
storage can also be replaced toward clients. The P2P mechanism make is feasible 
for remote maintenance and direct access. 
The bandwidth of communication is improving day by day and the 
continuous improvements facilitate the transfer of a large amount of data from 
one place to another. In a P2P environment powerful computers are required to 
handle services provided by the P2P infrastructure. These computers are efficient 




and robust so that they can have a large storage capacity and powerful 
processing [15]. 
2.1.4      Component-Based Development (CBD) Model 
For a distributed computing a standard-based application/resource 
sharing architecture is emerged that is used to share computer and storage 
resources in heterogeneous systems and applications [8]. It facilitates scientists 
and engineers to solve large scale computing problems. This new paradigm is 
known as grid computing and a study of grid evolution [16] proposes that it is an 
integration of software migration with hardware. This study proposed a 
computational model in which an object has been used as a unit of computation 
perceived by object oriented paradigm [16]. The objects collaborate and 
communicate with each other.  
Object and Component  




An object is some piece of compiled code that provides some service to the 
rest of the software. An object is comprised of data and processes where data is 
processed by the processes. The dependency of data and processes in an object  
improves cohesion. Object principles have been extended by the components that 
explicate specification of an object with an illustration of dependency of 
specification called an interface. A component interface is a set of behaviors that 
a component object offers to its clients. At this point the client of an object and 
competencies of the object are at the level of indirection. These objects are called 
as components where computation is carried out and control started. Later the 
control is passed through interaction to other components [17]. 
Software Component 
A software component has been defined in various ways and according to 
Kung-Kiu et al [18] a software component is a software unit that consists of 
provided services and required services. The component performs provided services 
(i.e. operations) that are based on the required services. Another definition of a 




component that is based on a component model is given by Heineman et al. [19] 
that states component as a software element that fits to a component model. It 
can be deployed and composed without modification according to a composition 
standard. 
A software component model is defined in terms of syntax, semantics and 
composition of components and component models can be classified according 
to their syntax, semantics and composition. Taxonomies of component models 
such as JavaBeans, Enterprise JavaBeans (EJB), Component Object Model (COM), 
Architecture Description Language (ADL) and Service Oriented Framework 
Architecture (SOFA) have been provided by [20]. 
In component-based software development [16] composition is the main 
concern. Traditionally, components perform computation and initiate control 
flow that make compositional reasoning less tractable. A component model [17] 
has been developed for separation of control flow from computation. In this 
model, component composition operators called exogenous connectors for 
component composition have been introduced that capture only control flow 




leaving components to encapsulate computation only. The model separates 
control flow from computation and hence components are independent and 
useful for reusability in different architectures. Figure 2.3 shows component-






Figure 2.3:  A component-based development model 
 2.1.5  Initial Definition of Computational Model 
In order to understand the processes in the real world a model is created 
and based on simulation of the processes outcome of the processes is predicted. 
The prediction of the processes is based on the parameters that are provided as 















































A computational model is a set of computational codes, executable in some 
software/hardware environment, that transform a set of input data into a set of output 
data, with the input, output, and transformation typically having some interpretation in 
terms of real-world phenomena. In other words a computational model is: 
A model that shows how the behavior of the system is the result of the behavior of each of 
its components. 
2.2  A Review of Evolution and Co-evolution of Business 
and Information Technology 
2.2.1  Evolution of Business and Information Technology 
In recent years organizations have become more assiduous to provide 
quality products and services to their customers and, therefore, business 
processes in enterprises evolve over a period of time in response to demands. 
Business processes and rules are changed in compliance with the customers’ 
demands and hence business evolution happens. Business processes evolve as 
result of new requirements or revisions on existing ones to meet the business 




objectives and goals. The supporting software to the business processes also 
evolves to using new technologies. Change in world monetary system, mergers 
of competitors and governmental efforts towards accelerated economic progress 
are creating challenges for multinational organizations, and hence, these shifts 
lead to business evolution which subsequently affects the underpinning 
technologies.  
As a result of business evolution there are some reactivity issues to 
information technology systems. The reason for this is the lack of traceability 
between business and information technology systems. This lack of traceability 
causes a delay in adapting information technology applications to changes. This 
gap causes a direct impact on business analysts who cannot formalize business 
processes using suitable business models. This gap affects negatively on business 
evolution and consequently evolution rules become difficult to be used in use 
cases.  
 




2.2.2  Business Process Artifacts 
In business evolution various types of artifacts that constitute business 
processes are changed. A business process is a dynamic but complex collection of 
artifacts. When we analyze the definition of a process we should be able to 
recognize different artifacts (i.e. product, service, information, customer) those 
that reflect who has responsibilities and to do what business activities in the 
business and why the activities are performed. An easy evolution of business 
means that it should be easy to modify each and every artifact without causing 
any negative effects anywhere in the system. Since all artifacts are 
interconnected, therefore, evolution of business is the management of evolution 
of all the artifacts and the relationships between them as a system. 
A framework business process management (BPM) system [21] has been 
developed in which a complete overview of different artifacts has been given and 
to make the artifacts more effective and efficient various recommendations have 




been suggested. In business requirements increasing changes are constantly 
forcing enterprises to evolve their business processes [22][23].  
2.3    Business Process Evolution 
2.3.1   Business Process 
A business process consists of a specific set of coordinated tasks or 
activities that are related to each other in a specific way to achieve a pre-defined 
goal or outcome of an organization [52]. In other ways a process is a set of 
logically and partially ordered steps that are intended to reach a goal [52]. 
Hammer and Champy *53+ state ‘A business process is a collection of activities 
that takes one or more kinds of inputs and creates an output that is of value to 
customers. A business process has a goal and is affected by events occurring in 
external world or in other processes. 
A business process is considered as a large as completing an entire order 
(from taking order to shipping and delivering order) or it can be small as just 
receiving an order from a customer. Figure 2.4 depicts a flow of business process 







Figure 2.4 Business Process Flow 
The figure 2.5 shows that a customer calls to a company to place an order where 
due to heavy load of calls either the order is taken by the attendant or recorded 
in voice mail. Businesses are increasingly becoming competitive and changing 
rapidly in order to reducing the operational cost while maintaining high quality 
standards of the products and services. It is important to understand and 
manage business processes effectively and, therefore, researchers have paid 
much attention and put effort towards understanding business processes.   
2.3.2  Business Process Management 
Organizations can perform better and become more efficient by changing 
their business processes. Organizations need business processes that could 





















objectives [136]. In today’s business environment flexible and adaptable 
applications are required in order to meet the desired changes in business rules 
and policies. Enterprises can improve their business efficiency by using Business 
Process Management (BPM) tools. A business process management tool is a 
systematic approach that helps business processes to become more capable and 
efficient of adapting changes in business environment. A business process 
management consists of methods and techniques to support analysis, design and 
administration of business processes [54]. To complete a business process 
essentially all the tiny business steps must be understood as they are required in 
analysis and design of BPM flows [59]. Most organizations have their own 
business process management system (i.e. collection of business processes). 
Businesses rely on the processes and services that are offered to their customers. 
Information technology supports the services to improving business efficiency 
and hence the notion of Service Oriented Architecture (SOA) has emerged. A 
business is a coherent set of processes that are controlled by business people and 
constitute a management model while IT people consider business as a set of IT 




services that constitute implementation and are controlled by IT people. In a 
business process management system the processes and services are not 
distinctive and, therefore, difficult to be evolved individually. 
Since a BPM system is comprised of different artifacts such as processes, 
technology, organizational structure, policies and stakeholders, it is imperative to 
know that a desire in developing BPM system may affect these artifacts as well. 
As all artifacts are interconnected and interdependent, it is necessary to develop 
a model of business processes so that each artifact is more productive and 
efficient. 
2.3.3  Business Process Modeling 
A business model consists of different components that include corporate 
structure, revenues, operating strategies, processes, target audience, product and 
services [53]. A business model has been categorized by Scott et al. [55] and 
developed an affinity diagram [56] showing different components of a business 
model. The figure 2.5 depicts organizations create values in marketplace by the 




resources/asset they have by using the resources through business processes or 
activities. Strategically they can choose among customers, competitors, revenue 
or strategy to develop businesses and their value network can be enhanced by 
establishing a customer relationship and product line. The financial aspects and 







Figure 2.5  Business Model Affinity Diagram 
Business process modeling has become a necessity for enterprises in order 
to automate their business processes for better performance and efficiency.  


























processes so that customer requirements could be fulfilled by adapting business 
processes.  
Business process modeling used a workflow approach but it was well 
criticized due to paucity of flexibility and its rigid description in customizing 
business requirements [56].   
Business services are existing semantic components that have flexibility to 
accommodate corporate needs and they also bundle the business process 
fragments within them. A business service is a fragment of business process [57] 
and a reusable unit that has one or several process fragments for solving a 
business problem. A business service has three parts that show business 









Figure 2.6 A Business Service 
 




In the figure 2.6 the Goal part states the purpose of the service i.e. the 
problem to be solved by the service, the Structure part is about the process 
organization for achieving the goal, and Process is the solution offered by the 
service. 
2.3.4  Business Process Evolution 
Enterprises are innovating their business processes and supporting IT 
services in order to meet the swift changes in business requirements [23][53]. As 
we stated earlier that in a business process management all artifacts are 
interrelated and interdependent, therefore, a successful evolution of a business 
process depends on evolution of each artifact. It is important for a business 
evolution that all the artifacts are available in electronic form as some of them 
may be on paper such as rules, policies and processes. Each artifact should also 
be available independently and separately with its life cycle in order to work 
effectively. 
 




2.3.4.1 Externalization of Business Processes 
In order to evolve independently a business process should be 
externalized. This externalization helps the managing of dynamic 
reconfiguration and adaptation of application flow. We consider an example of a 
purchase order process to illustrate the significance of externalization in business 
evolution. 
Consider a customer intends to purchase an item and would like to view 
the status of the order such as delivery schedule. The purchasing order is a 
complex task that requires validation, discount, business artifacts, external 
partners etc. The purchase order process may have sub-processes and all these 








Service 3 Requirement 
Figure 2.7 Services access same data 
 




Since the control flows and sequences are hardcoded in the services, it is 
difficult to make any change, in case the business has new rules in place. 
Consequently the business process may not evolve effectively and efficiently.  
Now to make business evolution efficient, we consider the services as elements 
in which control flow of service operations reside. These elements access data 







Figure 2.8 Flexible process evolution 
The business process and its services are independent and its easier to make any 












It is important to build up an understanding among all stakeholders who 
will be affected by a change in a business process. A change in organizations can 
take place in two forms i.e. incremental or continuous change and 
transformational or discontinuous change [57]. Continuous changes require 
small adjustments that are driven by internal factors such as introduction of new 
product or process, introduction of new technology or organizational restructure. 
Discontinuous changes bring major change in business and that are driven by 
external factors such as customers’ demands, legal, political or technological 
change. The use of IT resources may be effective when there is a balance between 
internal and external resources [58]. In other words, organizations can get the 
benefit of IT resources when customers’ demands are fulfilled by introducing 
new products and services online. Similarly, organizational structure is changed 
to provide better and expedite services to stakeholders. 
2.3.4.2 Role of IT in Business Evolution 




Initially the IT role was to automate business processes in order to 
improve their efficiency and effectiveness but with the development of 
technology, IT has become a significance means of gaining competitive 
advantage in marketplace. Senior management of organizations would always 
like to ask questions such as: 
A). What is the significant role of IT in their business, and is the role of IT in 
business is fundamentally different from the role a decade before? 
B). Does IT play an effective role in shaping business strategies or is IT just to 
support business processes? 
C).  What is the source of IT capability within or outside of the organizations, 
either by any joint venture or collaboration with another organization? 
The IT role has evolved from its initial objective of supporting and 
automating business processes to an enabler for creating a business network of 
inter-organizational arrangements. Deployment of IT cannot produce the desired 
results if the organizational structure and culture remains intact. In other words 
it is important that the business processes are evolved throughout all the levels in 




organization in order to get maximum benefits of IT deployment. Therefore, it is 
necessary to identify the level where the IT benefits are in line with the efforts of 
the required changes in business organization. Over the time, other levels can 
also be explored depending on the nature of requirements, value and 
competitiveness in marketplace. Figure 2.9 shows different evolutionary levels 
with the degree of evolution and the corresponding benefits i.e. as the business 
evolution occurs in result of increasing evolutionary levels benefits go high until 
the network design (revolutionary levels) where business evolution is maximum 
































Figure 2.9 Business Evolutionary Levels 
 





Evolutionary levels are defined as the levels where changes are small and 
incremental that do not change the whole process or bring new approach. In a 
business they consist of two levels i.e. primary and secondary levels. At primary 
level, standard applications are deployed in order to automate the business 
processes with minimum changes. We consider benefits from an IT application 
enhanced provided the performance criteria are realigned with the technology-
oriented business process. The secondary level in the evolutionary level is the 
integration of systems, applications and business process interdependence where 
technical interconnectivity and challenges business process interdependence are 
observed. Business processes are evolved to an extent at evolutionary level 









The revolutionary levels are the levels where the processes are completely 
changed, new ideas are introduced and new approach is taken. These levels 
consist of process reengineering and network redesign.    
In early-to-mid 1990s organization-wide transformational change was 
advocated under the label business process re-engineering (BPR) [53]. In order to 
achieve a dramatic improvement in business performance a BPR is essential 
process that is used to rethink and completely redesign the business processes. 
Business processes are changed for the betterment of current processes and are 
critical for the deployment of IT systems. The next level in revolutionary levels is 
network redesign that helps connecting external businesses such as suppliers, 
distributers and other intermediaries. In network redesign major functionalities 
such as transaction processing and inventory interchange are developed in terms 
of administrative and operational efficiencies [60].  




IT has introduced new practices that would have been impossible without 
technologies. If IT infrastructure is insufficient or poor then changes in business 
processes may not be effective and limit the success. Therefore, IT deployment in 
organizations requires comprehensive changes in business processes in order to 
obtain maximum outcome.  
The services of IT that support to business processes vary from one 
process to another depending on the value of the process within business 
organization. Figure 2.10 shows different business processes and their respective  







































2.4     Information Technology in Business Processes 
2.4.1     The Evolving Role of IT in Business Processes 
IT is evolving rapidly and is considered as knowledge of using tools and 
devices to perform tasks in efficient and effective manners. Historically, 
technology has been evolving since the Stone Age where tools made of stones, 
bronze- Bronze Age, and iron – Iron Age. In some specific periods many 
innovations grown in result of technology evolution that produced what is 
known as industrial revolution. Inventions such as telephone, computer, internet 
and wireless devices have transformed society. IT has great impact on 
businesses, its users and working environment. IT, which is a convergence of 
computing, databases, networking and imaging technologies has had a profound 
impact on businesses. In today’s world, IT gathers data, processes, and stores to 
expedite communication in everyday’s routine work. In few years back, IT was 
considered as a supporting tool in overall business plans and strategies. But now 
IT has become an integral part of today’s businesses that is creating new 




opportunities for businesses, services, products and procedures. When a 
technology is introduced in a business organization it leads to further 
technological requirements in order to develop products and services.  
If we consider the evolving role of computer technologies, we begin with 
the office automation technologies such as word-processing programs that were 
developed to facilitate routine office work. The dot-matrix printers and simple 
word-processors led to databases and networking resources supported by 
telecommunication and multimedia technologies [61]. The change in business 
processes in result of adoption of technology continued to organization 
transformation.  
Organizations used different information systems such as Transaction 
Processing Systems (TPS), Management Information Systems (MIS), and 
Decision Support Systems (DSS) that supplemented communication technologies 
such as email and videotext. Imaging technologies such as barcode systems also 
transformed business processes that are used in superstores, libraries, security 
departments etc in order to speed-up processes. Technologies evolve in result of 




consumers and corporate demands in order to introduce and develop new 
products and services. 
Companies are adopting IT more rapidly than before in order to be 
competitive in the marketplace. Internet technologies have enabled companies to 
expand their businesses throughout the world in order to promote products and 
gain maximum market share. 
2.4.2  Impact of IT in Business Processes 
IT plays a vital role in transformation of an organization [62] that results 
in economic benefits. The rapid development in telecommunication has reduced 
the human resources as channels of information [63] and organizations are 
distributing their business processes as opposed to centralization. Online 
databases and networking facilitate businesses to disseminate and distribute 
information in standard formats.  
IT has greatly influenced the development and maintenance of customer 
relationships. IT fulfils customers’ demands immediately by providing one 




product information and services offered. Product information and specifications 
or information about services offered are provided over the internet which is 
efficient and convenient to customers [63]. 
2.5  Co-evolution of Business and Information 
Technology 
Co-evolution is taken to mean that the evolution of one domain is 
partially dependent on the evolution of the other [24]. The co-evolution term and 
concept has been used in various disciplines. In medicine, the development of 
neuroprosthesis has changed the scope of how humans interact with the tools. 
The co-evolution between humans and machine have potential for restoring 
communication and control in disabled individuals [131].  In engineering, the co-
evolution term has been used as animals in nature co-evolve in both form and 
function; this drew researchers their concern on co-evolution of both 
morphology and controller in robotics [132].  In economics, the co-evolution has 
been used to carry out study by Eharles et al. [133] that states cultural processes 




can reshape the selective pressures facing individuals and so favor the evolution 
of behavioural traits not previously advantaged. In biology, Rafael et al. [135] 
has conducted a study that the impact of environmental changes on co-
evolutionary dynamics between host and parasites and showed by a 
mathematical model that when environmental factors influence the specificity of 
host and parasites interactions can profound effects on the co-evolutionary 
dynamics.  
The ever growing technologies facilitate businesses to develop new 
models or update the existing models while the evolution in business 
requirements compels IT to be evolved to fulfill the business needs. 
According to Wardboys et al. [25] co-evolution describes the symbiotic 
relationship between dynamically changing commercial environments and the 
software that support them. Since it is difficult for software to adapt to 
continuous changes in business rules, business becomes less efficient and the 
perceived value of software decreases. On the other hand, for an effective and 
efficient business the use of the latest technology is essential. Therefore, co-




evolution is defined as a link/relationship between business and IT: when 
business requirements are changed the supporting software has also to be 
evolved.  IT is continuously developing and new technologies are emerging. 
New technologies provide new business opportunities for example, eBay and 
Amzon.com have gained a lot benefit of new technologies to developing their 
business processes. Figure 2.11 depicts a co-evolution model where business 
processes (b1, b2, b3) are being supported by IT services (t1, t2, t3) respectively. 
Then after an evolution in business processes a new process b4 is added and to 
support the new business process evolution in IT takes place i.e. a new IT service 
t4 is added. Similarly, a business process b2 has evolved to b2’ and to support the 
process the related technology has also been updated i.e. t2‘. This co-evolution 
clearly depicted in the figure 2.11 and is a perfect co-evolution where all the 



















When business requirements are not supported by the IT then a gap is created in 
absence of such co-evolution. A changing business environment causes a 
business to change its processes, services and products to be competitive in the 
market. This change in business affects IT and requires new systems that could 




































Figure 2.11 Business – IT Co-evolution 
 




acquire IT so quickly due to budget constraints and therefore, applications are 
built using old technology or required functionality is added into the existing 
system which contributes problems in the systems. 
Co-evolution needs to take place in business at all levels from macro level 
between organization and its environment (including businesses, customers, 
competitors and suppliers) to micro levels within the organizations. Any change 
at macro level affects various inter-related micro levels within the organization 
such as IT systems. This disparity between business and IT needs to be aligned 
properly so that the gap between both entities is reduced. 
2.6  Business Processes Co-Evolution and NK Model 
To describing business processes co-evolution, the NK model [64] is viewed a 
best approach where N can be considered as number of processes where each 
process is connected to K other business processes. Figure 2.12 shows an 
organization has 5 business processes (i.e. N = 5) without any internal connection 




(i.e. K=0). Each process is independent of other processes and can be adjusted for 





Figure 2.12 Processes are independent to each other [adapted from [28]] 
 
When business processes are tightly coupled, a complex situation arises 
and in that case K = N-1. The figure 2.13 shows all the business processes are 
tightly coupled with each other and change in one business process will impact 
all other business processes within the organization. This shows co-evolution 
between business processes. For example, in figure 2.14 if process A does change 
all the processes B,C,D and E will also be affected since all are interconnected 
and transitive dependent.  













    
Figure 2.13 Processes are interconnected with each other 
 
 
2.7 Related Work 
Many researchers and practitioners have developed various approaches 
and frameworks to reducing the business-IT gap and increasing an alignment 
between the two entities. 
A strategic alignment model presented by Henderson et al. [26] is a 
multidimensional model. This model has various dimensions that include 
     
    









strategic alignment, strategic and functional dimensions, internal and external 
dimensions. In this model 4 different alignment perceptions have been described. 
There are two perspectives ‘strategy execution’ and ‘technology transformation’, 
that are considered to be the drivers of the business strategy while the other two 
perspectives ‘competitive potential’, and ‘service level’,  are thought to be the 
facilitator for IT strategy.  
To address business and IT alignment a process-driven architectural 
framework [27] introduces and employs four-layer model for reducing the gap 
between business and IT. It is considered that there is a gap between the 
management of IT perception and practice. Therefore, this model assumes filling 
up the gap by: 
 focusing on the business requirements and 
 considering the information management carefully rather 
information systems or information technology. 
Aversano [28] presented a coarse grained approach that is to be applied 
during evolution for misalignment identification between business processes and 




information technology. The misalignment occurs when any required changes 
are implemented. With this approach any additional change for any object is 
identified in order to restore the alignment.  
This approach describes a technique for detecting misalignment by 
assessing a set of parameters between business processes and supporting 
technology. The requirements that need to be changed should be recognized 
carefully in order to keep the alignment attribute for aligned tasks and 
restoration of misaligned activities.  
A Goal-Driven Development framework was developed by [29] for UML 
and MDA. The model helps organizations in aligning their business processes 
with IT. The business changes that are necessary for the business environment 
are identified in the business layer of the model and the goal structures. When 
changes in business occur their impacts have to be transferred throughout the 
business layer for organizational structures and later the impacts propagate to 
the application layer in order to synchronize with the IT structures. The goals are 




important to deliver observable specifications within business and application 
layers so that the impacts can be propagated between the layers.  
Sabherwal [30] proposed a punctuated equilibrium model in which IT 
alignment goes through quick revolutionary changes. He suggests that 
alignment changes are small and evolutionary prevent any calamity by 
controlling misalignment.   
Organizations consider the gap between business strategy and IT strategy 
a critical issue as it directly impacts on the business. Therefore, it is important to 
know the reasons for the gap between the two entities and a case study 
methodology [31] has been used to study the reasons. The study concluded that 
there was a gap between business and IT strategies in some targeted 
organizations. The research findings however cannot be generalized for other 
organizations. 
Zedan [32+ developed a framework ‘K-Mediator’ (Knowledge Mediator) 
that acts as a mediator between business requirements and underpinning 
technologies. The framework is knowledgeable of business needs and available 




IT assets within the organization. Basically the K-mediator role is to provide the 
means for business and IT evolution and managing their impacts. 
The alignment between business and IT seems quite slow and rather static 
in the rapidly changing world.  The business processes and IT functions can co-
evolve with the passage of time.  Now the companies who have invested a huge 
amount of money in information technology provide accessibility of their 
databases to their customers in order to customize their orders and keep track of 
the orders from manufacturing to the delivery. Companies are using IT to 
providing personalized services to their customers and to develop better 
customer relationship management. Therefore, business and IT are not only in 
alignment relationship and model, but they are in co-evolution relationship 
where business develops as the IT capabilities enhanced. [33]. 
Mitleton-Kelly [34] presented a hypothesis that problems with legacy 
systems could be reduced in result of co-evolution between business and IT. The 
base of the hypothesis is the assumption that the rate of co-evolution between 
two domains is affected by the degree and intensity of interaction of business 




and IT. This research found that a legacy system is not a function of age. A new 
system that does not fulfill user requirements and business evolution may 
quickly become a legacy system. This is due to the lack of communication and 
understanding between the two domains that leads both the domains to be 
evolved in different directions to create a business-IT gap. In this situation co-
evolution rate between business and IT becomes low.  
Benbya [35] viewed a business-IT alignment as a co-evolutionary process 
and presented a model based on co-evolution theory. The model proposes three 
levels of analysis (i.e. individual, operational and strategic). The framework that 
has multi-level aspects shows that IT is used in two ways in business. At one 
hand, IT has to fulfill the user’s requirements and align with their needs i.e. IT is 
aligned with individual. IT also involves in the business processes i.e. IT has to 
be aligned at operational level. IT also plays a role in the strategies between 
business and IT strategies i.e. IT is aligned with strategic level. On the other 
hand, IT has to be aligned to the external environment. Co-evolution appears 




when a change in the external environment occurs requiring changes in both IT 
and organizational components.  
Strnadl [27] has introduced a process-driven architecture (PDA) that is 
based on four layers (process, information, services and technology integration) 
and each layer attempts to bridge the gap between business processes and IT by 
using a nomenclature understandable to both business people and IT people. 
Tivnan [36] supported co-evolutionary dynamics and agent-based models 
in organizational science in his study. Co-evolutionary dynamics occur at 
multiple levels of analysis within an organization (i.e. micro co-evolution) and 
between organizations and their respective environments (i.e. macro co-
evolution). An organization’s ability to macro co-evolve with its competitors 
depends on micro co-evolutionary processes [37]. 
McKelvey [38], in a research study, has described the management of co-
evolution in detail and emphasized controlling the rate of co-evolution. The 
study elaborates damping mechanisms as methods of controlling the rate of co-
evolution or shutting it down altogether. Given a co-evolutionary progression at 




some rate, there are two problems with the damping process: it occurs too 
quickly or too slowly. Most managers in organizations are unaware that positive 
co-evolution dynamics is suppressed by damping too quickly and negative 
dynamics is not suppressed quickly enough. One would like to know how to 
weaken damping mechanisms when co-evolution is adaptive and how to 
strengthen them when nonlinear order-creations get out of hand. 
Morrison et al [39] adopted the co-evolution term to describe the evolution 
of business and software at different rates. Then co-evolution was extended to 
accommodate wide-informatics systems that are assembled from parts that co-
evolve with each other and their environment. A system evolves in result of 
internal or external factors that may or may not be expected ones. Such system 
has a dynamic co-evolution and a long life. The framework describes system’s 
specifications, the executing software and the reflective evolutionary 
mechanisms within a single computational domain in which all the topics evolve 
in tandem. 
 




Current Approaches for business-IT Alignment 
Recently, different approaches for business-IT alignment have been 
presented by researcher and practitioners.  
An empirical study has been carried out by Marcus et al. [137] in order to 
determine the alignment between emergency organizations and IT. They 
concluded that small emergency organizations do not utilize IT or do not 
manage properly. Although medium and large organizations are knowledgeable 
in strategic principles but they are not able to apply it completely or develop 
their processes.  The study suggested a modular approach to enable strategic 
alignment in uncertain environments that could be beneficial for fast changing 
business environment.  
To achieve business-IT alignment Aier et al. [138] have proposed an 
architecture-centric approach that separates external view of architecture from its 
implementation.  In this approach complexity has been reduced allowing to be 
an ample approach for managing alignment. 




Jan et al.[139] have supported enterprise architecture for business-IT 
alignment. They have presented a situation-based solution as situation varies 
from organization to organization. The business-IT alignment can be achieved by 
considering concrete qualities for business, IT governance and systems. 
Enterprise architecture meta-models for a situation is created to support the 
alignment. 
A conceptual model-driven approach [140] has been presented for 
business-IT alignment. The approach aims at restriction of freedom in process 
modeling. A meta-modeling method has been introduced to support such 
restrictions.  
A process-oriented approach has been presented by Tallon [141] for the 
alignment of IT and business. The approach aims at IT and individual process 
rather than business and IT strategies as one could assume.  
A qualitative research conducted by De Haes et al. [142] presented an 
approach based on the use of IT governance practices (processes, structures and 
relational mechanisms) in different organizations. It was observed that the highly 




aligned organizations had more mature IT governance practices that implies 
mature IT governance practices lead to a better business-IT alignment. 
Useful frameworks for our co-evolutionary framework 
We discussed different frameworks above, but there are some frameworks 
that are useful to develop our co-evolutionary frameworks such as a model 
presented by Aversano [28] that helps to determine co-evolution in organization 
by measuring different parameters between business and IT. A ‘K-mediator’ 
framework developed by Zedan et al. [32] that acts as a mediator between 
business requirements and underpinning technologies. This knowledge mediator 
plays a central role in our co-evolutionary framework. Another model presented 
by Benbya [35] that is based on co-evolution theory is useful that shows 
multilevel aspects and the use of IT in business. Similarly Tivnan [36] supported 
co-evolutionary dynamics in his model and analysed organization at micro level 
to macro level. Morrison et al [39] presented a dynamic co-evolution framework 
that helps to understand wide-informatics systems that are assembled from parts 
that co-evolve with each other and their environment. The work presented by 




McKelvey [38] helps to understand the co-evolution dynamics and the damping 
mechanism in organization. Strnadl [27] described layers (process, information, 
services and technology integration) where each layer attempts to bridge the gap 
between business processes and IT. 
2.8  Summary 
The main purpose of this chapter was to review literature on various 
models in order to develop understanding for our proposed co-evolutionary 
framework. We found that different computational models may help developing 
the co-evolutionary framework for example, distributed parallel computing 
model may help developing co-evolutionary system in distributed environment 
in order to save time as evolutionary algorithms are useful for that. Since in 
distributed environment each task is considered as a software component, 
therefore, distributed environment may be useful for our co-evolutionary 
framework. Similarly client-server and component-based models may be 
implemented in our proposed framework.  A comprehensive literature has been 




reviewed of business evolution and co-evolution of business and IT that 
establishes the foundation of our framework. A NK model of business processes 
co-evolution, but this model and it complexity will be discussed in following 
chapter. The chapter presented various alignment models, but almost all of them 
are conceptual models. It is found some models are directly related to the 
researcher’s proposed framework such as [35] provides a multilevel approach in 
organization and a layered model that helps to understand co-evolution in 
organizations. A mediator model [32] acts as a mediator and in the proposed co-
evolutionary framework it will help as a mediator to co-evolve both business and 
IT. It is also found that co-evolutionary process occurs at multiple levels within 
organizations and there are various parameters to be determined [28] for co-
evolution. The chapter has helped in finding out useful frameworks that may 
provide foundation to the proposed co-evolutionary framework and the 
knowledge gained will be applied in the next chapters .  
 
Chapter 3  
Research Methodology 
_________________________________________________ 
 Choice of methodology 
 Research philosophy 
 Co-evolution approach 
 Case study approach 
_________________________________________________ 
A research methodology provides guidelines in order to follow and complete 
research study. This chapter describes the research methodology and research 
philosophy. The logical reasoning and two extremes of research philosophy have 
been discussed and positivism philosophy has been selected for its nature of 




empiricism. Co-evolution methodology and case study approach have been 
selected for the study and the respective reasons have been explained.   
3.1   Choice of Methodology 
The aim of this thesis is to present and explain a co-evolutionary 
framework in order to reduce the gap between business and IT. Keeping in mind 
this aim, the focus throughout the thesis will remain on various factors that affect 
the alignment between the two entities (i.e. business and IT). Therefore, the 
logical choice was the co-evolutionary methodology. A multilevel (i.e. different 
levels in organization) perspective will help to study the co-evolution rate 
between the business processes and IT. The co-evolution study at different levels 
such as at strategic level - business and IT strategies, at operational level – 
business and IT functionalities and at individual level – IT infrastructure with 
end users will be carried out to find out co-evolution between the two entities. A 
case study methodology is also a part of the research methodology used in this 




thesis. The case study approach facilitates to evaluate co-evolutionary framework 
in a financial domain.  
3.2   Research Philosophy 
Research is considered abstract and complicated, but if different phases of 
research are clear and well structured then it may not be that complicated. A 
research process usually begins with a broad area of interest and then research 
has to narrow down the question that can be studied in reasonable time using 
hypotheses.  The research structure can be thought of as hourglass and figure 3.1 
shows it. At the narrowest point of the hourglass the question in research is 
sought and later an attempt is made to address the broad question of interest by 
generalizing from the results of the study.  
 





Figure: 3.1. An hourglass model 
Philosophers used to call research ‘logical reasoning ‘and two major 
logical methods i.e. inductive and deductive methods are related to modern 
research [49]. 
3.2.1  Deductive Reasoning 
This approach is used from a general to specific theory and is referred as 
‘top-down’ approach. A theory is discussed in general that gradually narrowed 
down to specific hypothesis [49]. Figure 3.2 depicts hypotheses observations are 
collected that lead to test the hypothesis with data as confirmation of the theory.  
Broad area 
Generalize back to broad area 
Research 
question 






    
 
Figure 3.2. A deductive reasoning model 
Deductive reasoning is narrow in nature and concerned with the confirmation of 
the hypothesis. 
3.2.2  Inductive Reasoning 
Inductive reasoning moves from specific to general theory and referred as 
‘bottom-up’ approach. Specific observations are collected and then patterns are 
detected [49]. Some ad-hoc hypotheses are formulated that lead to general 












Figure 3.3. Inductive reasoning model 
 




Inductive reasoning is exploratory and open-ended in nature. 
Clarke [47] described research methods at different levels and considered 
the philosophical level as the basic research method. The general features of the 
world such as reality, reason, matter and proofs for knowledge provide the basis 
for postulates that relate to philosophical level of research method [48]. Proctor 
[49] indicates that it is important to understand the two extremes of research 
philosophy i.e. positivism and post-positivism before a decision of research 
method is made. 
 3.2.3  Positivism 
Positivism states that the goal of knowledge is to describe the phenomena 
that one may experience and that knowledge beyond the phenomena is 
impossible. The basic reasoning of positivism presumes that the existence of 
objective reality is independent of human behavior.  
A criticism on using the positivist approach is that in-depth human behaviours 
cannot be examined by any means. Parahoo [50] states: 




‚In physics, it is possible…to formulate laws relating to…the expansion of  
 metal when heated. From such laws, the amount of expansion that will  
occur in particular circumstances can be predicted. However, when a man 
 loses his job and becomes depressed, it does not mean that he will be depressed 
 each time he loses his job, nor can we say that everyone who loses his job  
becomes depressed” *50+ 
Humans are not ‘objects’ and subject to controls on actions, thoughts, 
insights and attitudes that positivism rejects considering irrelevant and 
belonging to mataphysics. Positivism is based on empiricism i.e. observation and 
measurement are the core of the scientific attempt. 
This is useful for co-evolution study since this study will be carried out in 
financial institution, this philosophy provides opportunity to observe the 
insights of the organization and measure the parameters required to determine 
the co-evolution.    
  




3.2.4  Post-positivism 
Since the middle of the 20th century views in science have changed and 
especially a shift has been from positivism to post-positivism. Post-positivism 
supports the argument that scientists and common people think alike and 
therefore scientific reasoning and common sense are same process. Post-
positivism rejects the basic principles of positivism. Now for post-positivism 
reality is creation of people involved in research and it does not exist in a 
vacuum. Proctor [49] indicates many factors that influence the reality such as 
culture, beliefs and gender.  
A common form of post-positivism is critical realism which states reality 
is independent of thinking. In post-positivism critical realism all observation is 
imperfect and all theory is revisable. Therefore, it can be stated that post-
positivism critical realism is critical to the ability to know reality with certainty. 




The Post-positivist approach assumes reality is multiple, subjective and 
constructed by individuals. Multiple methods are used to study small sample in 
depth to establishing deserved claims as opposed to absolute truth.  
3.3  Co-evolution Approach 
The term co-evolution has been introduced by Ehlrich et al. [40] and in 
research context it is taken to mean that the evolution of one entity partially 
depends on the evolution of another entity [40][41][42][43][44][45]. In other 
words one entity changes in the context of another. Co-evolution takes place in 
an ecosystem and in biology an ecosystem means each type of organism has 
other organisms of the same type and of other types as parts of its environment 
[41]. In our research study an ecosystem consists of all related businesses within 
same and other types of industries that have impact upon and influenced by the 
organization under study. In a co-evolving system components of the system do 
replicate (contrary to evolution in biology where they do not replicate in terms of 
behaviour) that shows ‚a selection may act on the level of the parts of the system 




as well as on the system as a whole‛ *41+. Co-evolution affects both individuals 
and systems. When co-evolution applies to individuals and groups in an 
organization, it is considered as endogenous co-evolution and when an 
organization interacts with broader ecosystem, it is called exogenous co-
evolution.  
The co-evolutionary approach has been used in many areas from biology 
to economics and business to information technology [35]. Researchers and 
practitioners have been interested in co-evolutionary dynamics in order to 
improve the effectiveness on co-evolution process between the concerned 
entities. It has been believed for a long time that business strategies are analyzed 
and designed in such a way that IT applications and planning are aligned with 
the organization’s objectives. But alignment between business and IT is not a 
state but a situation that unfolds in unforeseen manner, and therefore, any 
sudden changes or human errors cannot be included in any best planning. In any 
formal planning, at the strategic level, a flexible and creative strategy is 
significant and a detailed strategic plan to integrate business and IT strategy is 




important in order to reduce the gap to an extent. Business and IT strategy 
should co-evolve mutually to respond to changes in the business environment. 
A multilevel perspective will help to study the co-evolution between the 
business processes and IT. The co-evolution study at different levels such as at 
strategic level - business and IT strategies, at operational level – business and IT 
functionalities and at individual level – IT infrastructure with end users will be 
carried out to finding out the co-evolution between the entities. In an 
organization’s strategy evolution requires a continuous alignment with IT so that 
strategy is effective. It is important to study the relationship between entities at 
both macro and micro levels of interaction. Management of co-evolution rate has 
been described by McKelvey [37][38] in detail and used damping mechanisms 
methods to control the rate of co-evolution or shutting it down altogether. 
Organizations need to adapt changes quickly for running business 
effectively or they may lose business. Co-evolution produces non-linear events 
[37][38] that at one hand they are good for the business but on the other hand 
they may be disruptive for the business. If little medicine is effective does not 




mean more is better. As long as co-evolution produces innovation and 
uniqueness in businesses it is good and this depends on the management to 
determine the efficacy of co-evolution.  The co-evolution approach will help the 
researcher to determine the co-evolution at different levels in financial 
institution. 
3.4  Case Study Approach 
Yin [46] suggests a case is an empirical inquiry that investigates a 
contemporary phenomenon within its real life context using multiple sources of 
evidence. The philosophy of the case study approach is to obtain a complete 
picture of interaction of variables or events by looking a practical and real life 
situation. Some people argue that individual case cannot be generalized, but it 
depends on the type of case and the base how it is selected.  A case study 
provides in-depth details, richness, and completeness [134].  A case study also 
helps to understand what causes phenomena and how and why the phenomena 
in the organization. The case study approach describes a complete situation as a 




combination of different factors. By using this method a number of properties 
and qualities can be established in a particular instance and may assist in 
determining the gap between business and IT. 
Using the case study approach three different types of studies can be 
conducted. Firstly, an intrinsic case study that is undertaken for a better 
understanding on a particular case. This type of case study is useful when one 
needs to understand specific phenomena in an environment such as in our study 
we study co-evolution in a financial domain. Second type of case study is an 
instrumental case study that is carried out for refining a theory or examining a 
particular instance in more general manner. Third type of case study is a 
collective case study that is used to study different case studies in order to 
investigate a phenomena or condition [51].  
For our research study we have selected the first two types of case study. 
As we are interested to study co-evolution in a financial sector that how it occurs 
at different levels and then we examine it in more general way. The reason for 
selecting case study approach is it helps the researcher to get close to the 




organization, gaining insights within the organization. As case study approach 
has extensive scope, the researcher may study co-evolution at individual and 
group level within organization. This approach also helps to understand the 
naturally occurring phenomena within organization such as the organizational 
environment, workflows and employees communication. For collecting data we 
will use multiple research methods approach [112]. This approach is useful for 
collecting data from different resources such as interviews, surveys and 
observations. Interviews provide opportunity to collect data directly from the 
concerned persons and any ambiguity can be clarified upfront. Survey 
instrument also a good tool for gathering required information and it is used 
when the respondents are dispersed or busy at work and unavailable for 
interviews. Observations provide opportunity to observe the working 
environment and the workflows of an organization. Sometimes survey 
instruments or interviews do not give the picture what observations can provide. 




Therefore, to get comprehensive information for our study of co-evolution 
we have selected case study approach so that the co-evolution methodology can 
be applied and studied for developing our co-evolution framework. 
3.5  Summary 
This chapter described the philosophy of research methodology and 
discussed different logical methods. It was found the deductive reasoning is 
suitable method to begin with our research because it provides a top-down 
approach. It helps to begin with a general theory and gradually brings down to 
the specific subject of knowledge. The chapter provided two extremes of research 
philosophy i.e. positivism and post-positivism. It was also found that positivism 
research philosophy is directly linked with the proposed study as the researcher 
intends to study co-evolution in real world i.e. empirically (empiricism or 
observation and measurements are the core of positivism). The chapter has 
presented a co-evolutionary methodology that is the base of the study. The co-
evolutionary methodology helps to determine the co-evolution at different levels 




in organization. It is found the theory would help to study co-evolution in both 
the domains i.e. business and IT and it will help to develop co-evolutionary 
framework in an integrated fashion. The chapter discussed case study approach 
that is used to get close to the environment in order to get insights in 
organization. A multiple research methods approach for collection of data has 
been discussed and it will help to collect data in financial organization. Now 
these approaches will be used in the study and discussed in the next chapters. 
 
Chapter 4 
Co-Evolution Model of Business 
Processes and IT 
_________________________________________________ 
 Co-evolution  of business processes and IT 
 
 Requirements for co-evolution of business processes and IT 
 
 Formalizing and integration  
________________________________________________________ 
This chapter describes the co-evolution of business processes and IT. It 
also describes NK model of co-evolution of business and IT and its complexity. 
As the number of processes increase the complexity increases. The chapter 




explains how the complexity can be reduced. In this chapter requirements for co-
evolution of business processes and IT have been explained in detail. 
  
4.1  Co-Evolution of Business Processes and IT 
Businesses have become more responsive to their customer requirements 
and needs. Enterprises worldwide are exploring new business opportunities by 
using advances in IT and increasingly reliant on its services. Initially the 
rudimentary role of IT was to improve the efficiency of business processes by 
automating manual processes. To support new business processes and to address 
challenges such as cost and complexity, firms are implementing strategies to 
manage IT services.  
If we consider the NK model again as stated in the literature reviewed 
earlier in figure 2.13, where business processes co-evolve now we add an IT 
infrastructure with N number of services and K connections between the services 
to support the business processes. The figure 4.1 shows the co-evolution between 




business and IT where 5 business processes transitively connected by 4 
















     
  Business Processes    IT Services   
 
  Figure 4.1 Co-evolution of business processes and IT 
 
Now business processes are connected with the IT services, therefore, each 
business process is connected with two IT services (mentioned as dotted lines). 
There may be other IT services available to business process, but for describing 
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process is improved it may affect to IT services infrastructure which may, in turn, 
deform the process architecture. Hence in this sense evolution is a co-evolution. 
Co-evolutionary effects take place at multiple levels in organizations; 
therefore, it is necessary to understand the dependence relations among business 
processes and IT services. 
4.1.1 Complexity 
Organizations are focusing on aligning IT services with business 
objectives and attempt to optimize the performance of entire business 
organization. But as the number of processes N and interconnected links K 
increase the complexity of system increases. Complexity is a result of interaction 
and interconnectivity among different elements of a system [143]. In 
organizations any change or activity may have impacts on related components 
and the system. Connectivity applies to interrelatedness of individual elements 
within the system and relatedness between the systems. In figure 4.1 business 




processes (A to E) are interrelated with each other and related with the IT 
services. 
Connectivity and interdependence among elements increase complexity, 
therefore, increasing business processes and interconnectivity in organizations 
create disturbance as a change in one process affects all the interrelated 
processes. If each process is given autonomy then the situation will be disruptive 
as processes would not know the each other.  
Homann et al. [144] proposed a modular design to overcome such 
complexity by designing modular architecture in which components can be 
removed, configured and replaced in a dynamic fashion.     
In viewing the co-evolution between business and IT, the modular design 
consists of business and IT subsystems that co-evolve in the environment. In a 
modular design both business and IT managers co-evolve the subsystems that 
may be due to user requirements. 
 




4.2     Requirements for Co-Evolution of Business Processes and IT 
Information technology and business processes have been co-evolving for a 
long time. With the increasing development in the technologies the IT industry 
has become an essential part of businesses.  
The business processes are supported by the underlying technologies and the 
technologies have increased the business growth and productivity. IT has 
increased the business efficiency by automating the business processes and 
caused for developing new business models. Businesses find new opportunities 
and requirements in response to the innovation in IT and similarly 
advancements in businesses require new technologies to emerge. Technologies 
have been innovating from the decades and businesses have benefited from the 
technologies in order to be competitive in the marketplace. Simply we can say 
that in today’s world businesses are unable to expand and grow without using a 
complex technology and similarly, a multifarious technology is unable to 




innovate without modern businesses. Therefore, both business and IT co-evolve 
depending on each other.  
Co-evolution of business processes and IT will help to accommodate changes 
in business process level and IT services level or vice versa [4].  In co-evolution IT 
should support the emerging business requirements on-the-fly but, it is not 
possible to gather all requirements and, therefore, IT should be adaptable for 
reconfiguration and at run time. To achieve such a dynamic configuration 
between business and IT, it is necessary to determine the requirements for 
business process modeling and dynamic business processes. 
There are various requirements for business process modeling stated below: 
a. A business process model should be user friendly in order to understand 
and automate processes without difficulty [65]. 
b. Since a business process is a variable process due to interaction by 
customers, vendors and other external entities, it is possible to experience 
uncertainties and therefore, business process model should be able to 
handle such uncertainties [65]. 




c. All business process models should be generic in order to accommodate 
changes in business and data flows [66]. 
d. Formal engineering principles need to be embraced by stakeholders so that 
a common understanding can be reached on business processes [65][66] 
e. All business process models need to be documented in order to have an 
accessibility to all stakeholders [66] 
Business organizations always strive to provide best and efficient services to 
their customers, and IT is the tool that supports execution of the business 
processes [67]. The requirements for dynamic business processes are different 
than the requirements in traditional business processes due to the dynamic 
business environment.  
Following are the requirements for dynamic business processes: 
a. Dynamic business processes evolve in order to adapt new rules, policies or 
changes from customers. As a result of such changes new models evolve 
that help in co-evolution between the entities [126]. 




b. Since dynamic business processes constantly evolve for accommodating 
changes, the supporting IT services should be flexible enough to integrate 
new technologies or systems [126]. 
c. In a dynamic business environment, IT should be able to handle and 
control anomalous behavior and events where business processes are 
executed in a distributed environment [126]. 
d. In the event of new business collaboration, dynamic business processes 
should be able to make changes dynamically according to the new 
partnership [68]. 
e. In dynamic processes the working of a process is required to be protected 
from other processes and therefore it is necessary to introduce well defined 
interfaces [126].  
f. Processes should have a loose coupling in order to minimize the 
propagation of any changes in one process to other processes [126]. 
In Figure 4.11 it is depicted that requirements are determined by business 
process models for organizations to design and deploy information systems. 










Figure 4.2 Co-evolution of business process requirements 
As an example for the figure 4.2, consider a company has implemented a 
business process model based on the predefined strategies, policies and rules 
agreed by the stakeholders. If any of the stakeholders changes a given order or a 
policy or a new collaboration occurs then in this new requirement the dynamic 
business processes should handle this change and provide feedback to the 
business process model in order to update the model. This will co-evolve the 
business process requirements. 
Changes in business processes, products and services always have an 




















develop new products to respond market force. When new products and services 
are introduced existing system need to be updated in order to develop new 
functionality or new hardware. Therefore, evolution in IT requires business 
processes to be evolved and when both evolve at the same time then co-
evolution occurs.  
Co-Evolution Requirements 
Following are the co-evolution requirements [38] between entities and if 
anyone of them is missing the co-evolution would not take place: 
1. Agents (i.e. organizations, processes, entities) must be heterogeneous 
2. All agents must be able to adapt any change to occur 
3. They should be able to interact and influence each other 
4. A higher-level constraint must be adapted in order to motivate co-
evolution process 
5. There needs to be an initiating event 




4.3  Formalizing and Integration - Business Processes and 
Requirements for Co-evolution with IT 
Alignment between business processes and IT should be considered 
during the evolution activities. When an object is modified a misalignment 
occurs that must be checked and appropriate actions must be taken. The change 
in the object may have impacts on other objects that can also be detected and 
based on their relationships suitable changes should be implemented. For 
example, to prevent a misalignment, a change in a business process may require 
changes in the software application that supports it. At the same time changes in 
application may require analysis and some changes in the business processes 
that are supported by the application. Identification of misalignment and 
measuring its level due to some changes in either business or IT domain is a 
major problem in keeping the alignment between business processes and IT.  
When changes are implemented in business processes a misalignment occurs 
between the business and supporting technology and a coarse grained strategy 




was described by Aversano et al [28] in order to detect the misalignment. The 
strategy also identifies the object that need to be changed further in order to 
restore the alignment.  
As stated earlier business managers and IT personnel need to have a 
continuous and coordinated communication in order to keep an alignment 
between business processes and IT services. Sometimes the inability of effective 
communication between business people and technical people causes a gap 
between the two entities. Sometime the technology works but the business 
processes are not aligned with the changes. Likewise, when business processes 
are ready to provide required services, the supporting technology is unavailable 
or does not comply as promised. When both business processes and supporting 
technologies are ready to deliver, unexpectedly either the business requirements 
are changed or external factors altered.  
In an evolving system consistency is to be handled and when business 
processes and IT co-evolve, there is a need to understand the consistency 
relationship between both the entities. The business and IT entities are linked 




with a co-evolution relationship provided they interact with each other.  The link 
established between the business and IT depicts the state of the alignment that 
may be current one or following the co-evolution process. 
4.4  Summary 
 The purpose of this chapter was to present co-evolution of business 
processes and co-evolution model and to discuss the requirements for co-
evolution. The NK model of co-evolution has been elaborated and it was found 
that the complexity increases with the increasing number of processes and 
interconnected links among them. Any change in any component of business or 
IT affects other processes due to interconnectivity and therefore, this creates 
complexity in a system. The complexity of NK model can be reduced by using 
modular design architecture in which components can be added, changed or 
removed dynamically without affecting other components.  
The chapter described the co-evolution requirements for business 
processes and IT. Requirements for business processes co-evolution expounded 




and it was shown that business process modeling requirements are changed with 
the dynamic business requirements. Therefore, it is important both business 
model and dynamic business processes requirements co-evolve in order to align 
with the supporting IT services. Finally the chapter described the integration of 
both business and IT and underscored the need of evolution in both the entities 
at the same time in order to keep alignment. A continually communication 
between the executives of both domains may keep the alignment. This alignment 
need will lead to construct our co-evolutionary framework that is discussed in 







Architecture for Co-Evolution 
_________________________________________________ 
 Business Architecture 
 Technology Architecture 
 Enterprise Architecture 
 Architecture Frameworks for Aligning Business and IT 
 Architecture Framework for Co-Evolution  
__________________________________________________________________ 
 
This chapter begins with a review of related architecture such as business and IT 
architecture and discusses some alignment frameworks such as [77] that 
provides insights of alignment in terms of organizational patterns. These 
frameworks help to understand different layers in organizations. The chapter 




describes the proposed co-evolutionary framework in an integrated fashion 
where three levels of business and IT have been explained in section 5.5.  
5.1 Review of Related Architecture 
 
Recently business architecture has received much attention and emerged 
as a methodology and integral part of enterprise architecture [69]. Consequently, 
the concept of business architecture is vague and ambiguous and little research is 
found on the subject.  Business models are considered as the foundation blocks 
for business architecture [69]. A business sooner or later will have a competition 
with the competitors; therefore they need to be dealt with appropriate strategies. 
Based on this fact some people consider that business model and strategy are 
interchangeable [70]. In support of this interchangeable notion people argue that 
Dell Computer introduced a new business model for selling computers directly 
to end users while other vendors sold by their resellers. This Dell’s model not 
only saved the cost of value chain but also provided opportunity to knowing 
direct customers requirements and inventory management that other vendors 




were not able to do that due to their existing distribution channels. This business 
model worked like a strategy and benefited Dell for decade. However, in 
business architecture both business models and strategies are necessary.  
We consider business architecture as a part of enterprise architecture that 
facilitates various business activities such as marketing, production, distribution, 
transportation, wholesale etc. We can say business architecture is composed of 
coherent functions of business, business objects or concepts and high level 
processes that depict working of business functions and objects in order to 
achieve the goals of organization. No business can be a successful without 
coherence among all the business functions. The business functions for examples, 
Supply Chain Management (SCM), Customer Relationship Management (CRM), 
Marketing, Sales, Financial Management, Product Management etc. may work 
within organization, but as coherent functions they are linked and tied together 
to form a unit for achieving a common goal. For instance an effective marketing 
function brings a positive impact on sales. The Object Management Group 
(OMG) describes business architecture as a blueprint of an enterprise that 




provides a common understanding of organization and helps to align strategic 
objectives and tactical demands. In other words, business architecture lucid the 
structure of organization like capabilities of enterprise, strategies, business 
processes, structure of governance and information.  Organizations implement 
strategies within available capabilities to execute business processes and ensure 
that information from all stakeholders (such as customers and suppliers) is 
properly managed.  
Figure 5.1 shows a generic business architecture that is based on business 
strategy and all business functions such as sales and marketing, business objects 
that is intelligible entities such as customer and supplier and the business 
processes. Business capabilities (i.e. what organization can do or does) are 
executed by business processes that consider the flow of information by all 















Figure 5.1 Business Architecture [70] 
The significance of the figure 5.1 is that it provides a layered view that 
helps to understand the layered approach. In our framework this will help to 
study the first level i.e. strategic level where business strategies are formulated to 
execute business processes. 
5.1.1   Business Strategy  
A business strategy defines future direction and scope of an organization 















meet the needs of market and stakeholders’ expectations [70].    Business strategy 
is the basis of a business architecture that consists of elements like organization 
aims and objectives that state the future goals of the company and measureable 
targets to be achieved by employees. Another element of business strategy is 
business case that provides reasoning for a project initiation; for example, an 
organization may upgrade its running software for performance improvement, 
but as a business case this improvement may develop employees’ performance to 
satisfy customers’ needs.  
Strategy is formulated based on the strategy statement that describes aims, 
objectives, mission (i.e. statement of the role the company has) and vision (i.e. 
statement of future where the company will be). The strategy statements are 
arranged at different levels in terms of their significance. For example, statements 
that describe the scope of company and its business, vision, mission and 
marketplace are at the top level while statements that are limited in scope and 
specific based on higher level are placed at lower level. Individual statements are 
related with each other and the outcome of individual statement provides insight 




to company. Consequently, business architecture gets more details, introduces 
new levels and new domains (i.e. cluster of business functions and objects). At 
this point strategy becomes clearer and better understanding of the strategy is 
evolved. 
When business architecture is created all the decisions are directly related 
to the elements of the strategy that helps understanding the significance of 
maintaining domains. Business architecture aids in organizational structuring in 
which business domains and their responsibilities are assigned. The assigning of 
domains to individuals such as top managers causes development of other 
architectures since the owners of the domains are directly involved and 
responsible for their respective domains.  
5.2 Technology Architecture 
Organizations are increasingly dependent on technology as it has become 
a driving force. As the new businesses requirements arise or new technologies 
emerge organizations experience pressures and they need to respond to these 




external pressures. Organizations and their business processes are implemented 
and supported by an infrastructure of software and hardware that is said to be 
technology architecture. Technology architecture describes the structure and 
relationships of the technologies that support the business operations within 
organization. Technology architecture describes a systems design of software 
applications and sub-systems that are interlinked with each other [71]. The 
architecture is considered as a blueprint that guides and explains how 
technology and information work together and efficiently achieve the goals of an 
organization.  
Technology architecture supports security and reliability to applications, 
but if the applications are not designed to avail benefit of technology architecture 
then applications perform poorly. Likewise, a well designed application that has 
been implemented by reusable components may not perform properly if the 
technology is improperly configured. This shows a relationship between 
technology architecture and application architecture. Figure 5.2 (adapted from  




[72]) illustrates the relationship between the technology and application 
architecture. The figure shows the functional requirements are input to 
application architecture and at this stage technology architecture is also built. 
Application development defines the deployment rules and policies and at this 











Figure 5.2 Technology-Application Architecture 
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5.2.1   Application Architecture 
Application architecture describes the design of an organization that 
includes software application, sub-components and external applications. 
Software applications fulfill the business requirements and rely on underlying 
operating systems and databases. We consider application architecture as a 
blueprint that ensures the underlying modules of an application will support 
expansion in future. The expansion can be in terms of resources or requirements. 
 
Examples: The ‘distance’ between business architecture and application 
architecture 
Organizations experience a ‘distance’ between business architecture and 
application architecture that affects on the business. For example, a growing 
manufacturing company decided to begin with e-documentation in order to 
facilitate stakeholders for convenience, speed and easy location of the 
documentation. The company started searching the tools for developing the 




required web based system, but the unavailability of the required resources 
forced the company to select the web based solution from outside. The solution, 
however, could not fulfill the requirements completely as it was expected. The 
solution was unable to control the workflows and monitor and audit them. Since 
the decision of the solution was IT based, business requirements could not be 
gathered properly due to miscommunication or misunderstanding. From a 
business perspective, the solution turned out to be less effective in the business 
processes and inflexible for to be tailored to meet the business requirements. The 
company needs to reengineer the existing system and acquire the tools for in-
house development. A delay in implementing new business process is better 
than acquiring a solution that does not fulfill the business requirements. 
A tour company is using a booking system developed in-house in a 
mainframe environment. The system was developed in obsolete technologies and 
in terms of application architecture it is very difficult to maintain such a system 
due to paucity of skilled professionals in those technologies. As the business 
grew the company needed to buy new software in order to move everything 




from the old to the new system. From the business view point the company has a 
flexible and scalable system that could meet business requirements and they can 
introduce new products in the market immediately (like discounted holiday 
package). The company could get advantage over its competitors provided the 
competitors are not using the same package. The right solution for the company 
is to reengineer the existing system for implementing the required functionality.  
It has proved easier to delay without doing anything rather than adopting 
another system.  
 
5.2.2   Architecture Views 
The architecture has multiple views that usually referred as conceptual 
view, logical view, physical view and implementation view. These views are 
determined by the requirements. Figure 5.3 (adapted from [72]) shows 
architectural views. 
 


















In technology architecture all technology areas are described and defined 
in order to develop an understanding of the required technology among 
stakeholders. This ensures that required technology areas are fully understood 
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for implementing the functional and non-functional requirements and available 
within the organization. 
In application architecture business models are built based on the business 
requirements and description of key business processes is developed.  
Logical View 
The technology architecture describes the main functional elements and 
their relationships that are needed for the operational requirements in 
organization. In application architecture application models are designed in 
which data management and processes are mapped and interaction among 
different parts of the models is depicted. 
Physical View 
The physical view of technology architecture shows mapping of elements 
to the real technologies in terms of both software and hardware. In this view 
complete technology architecture with required technology such as operating 
systems, databases, servers, network devices etc. are implemented. In application 




architecture the physical view realizes the application model into 
implementation model. In this view coding is done but major infrastructure of 
distributed applications and data is controlled by frameworks. 
5.3 Enterprise Architecture 
Enterprise architecture describes the enterprise business objects and their 
relationships with external environment, organizational goals, business 
processes, principles governing its design and evolution. It also states the 
organizational structures, software applications and computer systems. 
Enterprise architecture has four different layers that are commonly accepted in 
overall enterprise architecture [73]. Figure 5.4 shows the four layers 














Business Layer Information Layer 
Application Layer Technology Layer 
Figure 5.4  Enterprise Architecture Layers 
Figure 5.4  Enterprise Architecture Layers 
 




 The business layer represents the organization of company in viewing the 
business strategy. This also defines key processes such as customer-
supplier relationship processes, organizational goals, offered products and 
services, and targeted market [70][74]. 
 The application layer presents the blueprint of application systems and 
their relationships. It also shows the interaction with the key business 
processes of the organization [75]. 
 Information layer represents the structure of logical and physical data 
management resources of the organization. It also shows how information 
are organized and secured. 
 In technology layer software, hardware, operating systems, database 
management systems, telecommunication and network devices are 
organized that are essential in deployment of applications. 




Enterprise architecture has been successful in supporting decision making for 
changing in business. Since enterprise architecture is composed of business 
models and technical models, the impact of any change within organization 
or/and in business process can be noticed on supporting systems.  
This has been noticed in recent years organizations are taking much interest 
in enterprise architecture rather traditional architectures such as technology and 
application architectures. The reason is continuously changing market 
worldwide that coerces organizations to bring structural and strategic changes. 
Enterprises and researchers are focusing their attention towards enterprise 
architecture and discuss its strategic impacts [73]. Enterprise architecture 
framework is a management tool that facilitates organizations to obtain the 
maximum benefits from both business processes and supporting IT by bringing 
them into an alignment. It is a comprehensive framework that helps for aligning 
enterprise’s processes, people and IT resources. We can say enterprise 
architecture describes the supporting role of information and technology in 
business processes to acquire business benefits.  




Traditionally IT has been playing a back office role, but now IT is evolving 
its role to formulate new business strategies for enterprises. Organizations are 
trying to find out the reasons for not achieving the anticipated return on 
investment in IT; and they are always in search of alignment theories and 
methodologies in order to attain the alignment between business and IT.  There 
are various architecture frameworks have been developed in order to align 
business processes and IT; first we would discuss few architecture frameworks 
that aim at aligning business and IT and later we will develop our co-
evolutionary framework for reduce the gap between business and IT.  
5.4     Architecture Frameworks for Aligning Business 
and IT 
A changing business environment causes a business to change its 
processes, services and products to be competitive in marketplace.  This change in 
business affects IT and requires new system that could fulfill the new business 
requirements. Since financial constraints do not allow technology to be replaced 




or updated, applications are built on old technology or required functionality is 
added into the existing system which contributes problems in the systems. The 
widening gap between business processes and supporting IT systems is attributed 
to the misalignment between business processes and IT. The misalignment is 
caused due to separate design of both business processes and IT systems [76].   
5.4.1  Strategic Alignment Framework 
Henderson and Venkatraman [77] presented a framework for aligning 
business and IT in which they proposed IT alignment in terms of organizational 
patterns and scope that are dependent on IT.  The strategic alignment framework 
recognizes the potential of IT in shaping business policy. When we look the 
model carefully we see the business and IT areas divided in four different 





















The above model demonstrates the alignment between business and IT in 
two aspects; i.e. the first aspect is strategic fit (i.e. alignment) between external 














































Figure 5.5 The Strategic Alignment Framework [77] 
 




business and IT domains. The model emphasizes the role of IT and its strategic 
significance in formulating business strategy.  
The above framework mainly concerned with technological and 
organizational infrastructure and processes where the horizontal dimension 
shows direct cooperative influence of business and IT. It shows that the strategic 
level is prevalent and main director in the relationship of business and IT. But 
there are other factors that contribute in the business-IT relationship such as 
finance, culture and politics. Therefore, organizations should be information 
prone in order to share and use it internally and externally [78].  
 
5.4.2  Integrated Architecture and Unified Framework 
The framework presented by Henderson and Venkatraman  has been 
adapted by Maes [78] that is shown in figure 5.6. 
 
 










Figure 5.6 Framework showing business-IT relationships [78] 
 
In figure 5.6, the framework shows business-IT relationship where row 
‘structure’ and column ‘information/communication’ are the variables that can 
lead to an alignment of business and IT.  Maes et al. [79] introduced the 
Integrated Architecture Framework (IAF) that supports integrated architectural 
design of business and IT which is an input for business and IT alignment. The 
alignment of business and IT does not only automate the business processes but 











relationships and creating new channels.  The IAF comprised of architecture 
areas, design phases and specific architecture viewpoints. Figure 5.7 [adapted 








Figure 5.7 Integrated Architecture Framework (IAF) [78] 
 
When we compare both the frameworks shown in figure 5.5 and figure 5.6, it is 
apparent that the technology column in figure 5.5 is divided into two columns in 
figure 5.6 i.e. information systems and technology infrastructure. The information 






















infrastructure represents hardware system. Similarly, when we see the rows in 
figure 5.6 and figure 5.7 it is obvious that in figure 5.6 rows represent the levels of 
management while the rows in figure 5.7 show different phases of design process. 
The Strategy level (row) in figure 5.6 corresponds to the Contextual design phase 
in figure 5.7.  The next three phases in figure 5.7 are the elaboration of Structure 
level in the framework in figure 5.6 while the last phase i.e. Transformational in 
figure 5.7 describes the operations and implementations of information system 
corresponding to the Operations level in the figure 5.6. 
In result of the amalgamation of both the above frameworks, a new unified 
framework [79] emerges that consists of management and design components 





















Figure 5.8 Outline for a Unified Framework for Alignment of Business and IT [79] 
The framework outline in figure 5.8 shows that the alignment is a combination of 
management and design concerns. This unified framework deals with the issues 
concerning architectural and information sharing. The alignment is considered at 
individual level and its concerned variables. The ‘strategic’ alignment at strategy 
Technology 



















level depends on the concerned variables such as governance, scope and mission. 
Similarly, the ‘structural’ alignment depends on its variables such as capabilities 
and architectures.  The ‘operational’ alignment at operational level depends on 
processes and skills. All these variables need to be aligned both horizontally and 
vertically. 
5.4.3 Mechanism between Business and IT 
Organizations improve their decision making and agility by integrating 
business and IT. We have already discussed that business architecture focuses on 
strategy and the relevant processes. The application architecture facilitates 
services that are defined as applications and implement the defined business 
process and model. This application architecture defines the user interaction with 
the application such as internet, mobile device or portals. Then technical 
architecture or technical infrastructure implements the application architecture 
which shows the mapping of processes on software and hardware. Figure 5.9 
shows the mechanism between business and IT 













Figure 5.9 Business - IT mechanism 
 
Figure 5.9 shows that business processes and strategy are used to distribute the 
services to customers and become essential parts of applications. IT assets are 
examined in order to implement the functionality required by the application 
layer. To work the mechanism properly and to have an alignment between 
business and IT, it is important to ensure that the IT architecture implements the 



















business processes properly. Business processes lead the development of IT 
solution and consequently alignment can be achieved. 
5.4.4  Role of Strategies in Alignment of Business and IT 
In today’s world businesses are investing in IT but without focusing on its 
strategic use. Since IT has a potential to change enterprises, it is important that IT 
is used in effective manner in order to align the IT strategies with business 
strategies. The success of every business depends on the alignment of business 
and IT strategies. Strategies implemented in one organization may be adopted or 
imitated by other organizations and, therefore, strategies need to be adapted in 
order to keep alignment within organization.  Organizations strive to develop 
business processes in order to achieve competitive advantages. Companies 
always evaluate their strengths and weaknesses in order to determine position 
and strategy to be adopted in the marketplace. It is also significant to 
organizations that the supporting IT resources are properly managed and 
organized in order to support any changes planned for future.  The IT resources 




include software, hardware and human resource that ensure the future change is 
in-line with the corporate aims and objectives. To achieve alignment, it is 
necessary that IT is positioned strategically in the corporate structure. This 
ensures that business strategy has the latest supporting technologies and the 
required services. An appropriate strategic IT planning is useful in aligning with 
the business processes that help to find out new opportunities [80]. In order to 
align IT with business processes top, management of organizations need to 
understand the benefits of alignment. Business and IT executives should consider 
the importance of IT as an integral part of business and develop mutual 
understanding. Strategic alignment can be enhanced provided the business 
executives and IT executives are in communication and share the domain 
knowledge. Reich et al. [81] suggested that for strategic position of IT within 
organization requires professional from both domains (i.e. business and IT) 
should be knowledgeable in both domains. Business professionals must know the 
IT-related activities and managers should participate in technology-oriented 




events. Likewise, technology personnel should move to business units and attend 
business events in order to understand the business processes and their functions. 
In a competitive environment organizations strive to align both business 
strategies and IT strategies but to achieve alignment is difficult especially when 
the coupling is tight between the two entities. It is important that the business and 
IT strategies are aligned in order to reduce the widening gap between both 
entities. The reducing gap will improve the efficiency and develop relationships 
with customers and suppliers. The inverse of this will result in failure in 
investment, loss of business credibility and failure in recruiting and retaining 
skilled resource. 
5.5  Architecture Framework for Co-Evolution 
  The architectures frameworks discussed above aim at aligning business 
and IT, but none of them discussed the alignment in view of co-evolution as both 
business and IT evolve independently. We argue that when organizations change 
their business strategy in order to evolve their business processes, the supporting 




technologies are not evolved. Likewise, when IT infrastructure is evolved or new 
technologies are introduced in organizations, the business processes are not 
evolved, consequently, a gap is created between business and IT.  
Co-Evolution: It is the term used to describe the relationship between 
business and IT that are changing dynamically. A business system becomes 
relatively unstable in result of change in business process requirements and in 
turn, the supporting IT services are affected. If the IT does not adapt to 
supporting the new business change, the business loses efficiency and 
effectiveness. Similarly, when the new technologies are introduced in 
organization but business does not alter accordingly then it loses its effectiveness 
and competitive position in the marketplace.  Therefore, such mutual relationship 
between business and IT is known as co-evolution.   
Static co-evolution: This process occurs when the system goes off-line in order to 
make required change in the source code, recompile and re-link with the data. 
This process may require long down-time of the system that organizations cannot 




afford as some important data encapsulated in components may not be available. 
Therefore, essentially a system should be up all time even during the evolution of 
the system. 
Dynamic co-evolution: This process evolves a system as a part of its execution 
and therefore, does not require down-time. A dynamic co-evolution system is 
unstable as it evolves in response to any internal or external drives.  
Our co-evolutionary framework is based on dynamic co-evolving system 
that is comprised of business and IT entities.  In dynamic co-evolution it is 
important to ensure that in result of any change in business, the supporting IT 
also evolves.  A process is adjusted by an open system in response to an 
environmental input [82]. The dynamic co-evolution needs to be open system in 
order to get influenced by unpredictable changes. In our proposed co-
evolutionary framework we understand there should be monitoring mechanism 
that could check the requirement either for business or technology so that co-
evolution process occurs. Zedan et al. [32+ developed a framework ‘K-Mediator’ 
that plays a role of mediator between business and information technology.  





The K-Mediator is knowledgeable in both business needs and the 
supporting technology assets in organizations. It can have first-hand knowledge 
of business requirements that need an IT solution; this makes it more important 
than an architect, requirement engineer or domain engineer since these can make 
errors in expressing requirements.  Figure 5.10 shows that in results of internal 
external environment and events such as politics, business tactics, finance and 














External and Internal Events 
Figure 5.10 K-Mediator 
 




The computation unit of K-Mediator is component that encapsulates services 
which are accessed by interfaces. A component contains two types of services i.e. 
‘provided services’ and ‘required services’. Provided services have set of features 
while required services contain components for performing services. A general 
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The mediator is an important part of our co-evolutionary framework that is 
responsible to monitor the requirements and create or compose the required 
components. Figure 5.11 illustrates the co-evolutionary framework that shows 
three levels of business and IT and their components such as strategy, rules, 
policy, departments, software, hardware etc. All levels are integrated by K-








































































Our three-level co-evolutionary framework consists of the following 
levels: 
1. Strategic Level 
2. Operational Level 
3. Individual Level 
Strategic Level 
At the strategic level both business and IT strategies co-evolve. Companies 
manage their business processes and deliver products and services to their 
customers. At times companies need to adapt business strategies in order to be 
competitive and effective in the marketplace. As the business strategies are 
changed IT strategies must be changed in order to support business processes. 
This will be achieved by the knowledge mediator (k-mediator) who is 
knowledgeable in both the domains. It strategies are formulated based on the 
information that come from the business processes. IT strategic planning is based 
on the information and therefore, a thorough understanding of business strategy 
and company structure is significant.  




Both business and IT strategies are linked and when both the strategies 
are matched organizations develop core competitiveness. It is necessary to 
understand the business strategy and the relationship with IT strategy. The IT 
strategic planning encompasses network architecture design, security 
architecture systems and load of equipments. It provides a secure and reliable IT 
strategy for the business development. Therefore, at the strategic level business 
and IT strategies are co-evolved as the k-mediator is always there in order to 
achieve co-evolution. 
Operational Level 
A tight coupling between business and IT requires a continuous 
coordination and communication between the two domains. Business executives 
and IT planners need to understand each other’s requirements in order to build 
successful links between business objectives and the IT architecture. At this level 
software applications and related components fulfill the business requirements 
that rely on underlying operating systems and databases. People from both 
business and IT must discuss and develop an effective collaborative partnership 




at all levels. Business processes are functional and deliver the services and 
products to customers. The IT resources are used to support the business 
processes in order to meet organization’s objectives and therefore, operational 
performance at all levels is important.  
Individual Level 
A system or IT architecture may not be effective unless if fulfils the user’s 
requirements. The individual’s requirements change drastically and therefore, it 
is necessary to involve users in the development process. As the users are 
comfortable using systems innovations and new ideas arise and that requires 
changes in the system. In result of new business process or new service or 
product a change is required in order to meet the user requirements. Co-
evolution occurs at all levels to accommodate changes in the system.   
In our framework the K-mediator plays a central role all levels that inputs 
requirements into an IT repository where a Knowledge Base supports the 
requirement as the concerned business. The mediator checks the IT asset in order 
to find available component(s) to support the requirements or create new ones 




(i.e. evolution in IT). If components are available then composition of the 
components fulfills the business requirement otherwise new components are to 
be developed and integrated. Hence, the system co-evolves with the change in 
business requirement and its IT solution.  
In our dynamic co-evolutionary system it is necessary that the system 
partially halts during its execution in order to decompose its constituent parts 
and create either new components or evolve existing components to form a new 
system for execution.  
5.5.1  Dynamic Co-Evolution Process  
A co-evolving system always changes from one state to another as it 
evolves due to interaction with its environment. When a requirement (i.e. a 
change) is needed the system transforms from existing form to the new state. 
This change in behavior of the system depends on the behaviour of the 
participating elements/variables of the entities.  




In our architecture, the co-evolving application is constructed based on 
the following requirements: 
1. An operator to halt the system execution (partially) in order to decompose 
its constituent parts 
2.  An operator to scan the system for providing representation (source code) 
of the evolving system 
3. A method to convert the representation to a new representations 
4. An operator to compile the representations and bind into running system 










5.5.1.1 Composition and Decomposition 
We know application construction depends on the composition of 
different components for computation. For example a financial application may 
have components such as accounts receivable, budgets and analysis, cost 
accounting etc. As a result of composition they execute in parallel.  
For a dynamic system evolution, it is essential to decompose a running 
system into its constituent parts and recompose following evolution of the 
components or creation of new components without changing state or data. 
To describing this process, we consider a client-server system of three 
client components that are in communication with a server component. This is 












































































Figure 5.12 Composition decomposition process – System Evolution 
 




Consider there are three client components c1,c2 and c3 and a server 
component s1 that provides data to the clients. We assume client c1 needs quick 
data service from the server component and this requirement arises into the 
system. The system will be checked to see if required component can provide 
that service or not. To evolve components first links are broken while the server 
component maintains the link with the data as depicted in the figure 5.12 
(decomposition). The server component is divided into two components that still 
maintain the link with the original server as shown in the figure (evolution). In 
result of evolution in the server component all five components re-compose to 
form a new system as the figure 5.12 shows it (re-composition). Now the client c1 
component has a link with one server component and two other client 









The main purpose of this chapter was to present proposed co-evolutionary 
framework. The chapter reviewed related architecture and frameworks that 
present the layered structure. A business strategy is the core of business 
architecture and the chapter has presented business architecture and explained 
business strategy. The researcher has constructed a business-IT mechanism that 
show business processes and strategy are used to deliver services to customers 
and become the part of applications.  In order to implement functionality IT 
assets are examined. This mechanism provides knowledge of different levels and 
helped to understand co-evolution at each level. In this chapter the researcher 
has proposed a co-evolutionary framework that consists of three levels in 
business and IT. Co-evolution occurs in all levels by means of k-mediator as it 
understands the requirements of both the domains. The chapter contributes to 
knowledge in a ways that the co-evolutionary framework using k-mediator has 
been presented in an integrated fashion where co-evolution can be studied in 




three levels i.e. strategic level, operational level and individual level. Each level 
has its own components and the co-evolution occurs within each level. The 
proposed framework is a unique in a sense that all three levels co-evolve with 
each other with the help of k-mediator.  This co-evolutionary framework has a 
potential to enhance the performance of organization and is likely to generate 
more revenue as the co-evolution expedites the business processes. This 












Case Study and Evaluation 
____________________________________________ 
 Financial sector 
 Evaluation of the Framework 
 Data Analysis and Results 
__________________________________________________________________ 
This chapter presents a case study of a financial institution in order to determine 
co-evolution within the organization. Since the case study is for financial 
organization therefore, description of some e-commerce models has been given 
that are usually used in financial institutions. To evaluate the proposed co-
evolutionary framework data collection and analysis techniques and methods 




have been explained. The chapter describes how data of different items of 
business and IT in the organization validates the framework.    
6.1   Financial Sector 
The financial sector is the most complex among many business sectors 
that provides various products and services to customers, from small account 
holders to giant corporations. The financial sector has gained maximum benefits 
of the technologies and provided their services to customers. Now from retail 
banking to stock exchange all available on internet. Internet has become an 
essential channel for delivering financial services that transformed traditional 
approach of ‘bricks and mortar’ into a ‘click and mortar’ one *86+. 
6.1.1  E-commerce Models 
Now financial services and products are delivered by e-banking that are 
more convenient and faster for customers. Mobile banking is also becoming 
increasingly popular among customers and financial transactions are performed 
using mobile phones. The financial sector is facing challenges of e-commerce and 




some adjustments have been adopted according to the banking requirements 
[87][88]. In e-commerce different models are used to offer e-commerce services to 
the customers [89]. 
 
6.1.1.1 Business to Consumer (B2C) 
In this model consumers interact with the business organization to 
purchase products/services via an interface that consists of information 
technology such as software, network and telecommunication connection.  



















6.1.1.2 Consumer to Business (C2B) 
In this model consumers strive to sell their services and products to 
business organizations and in search of businesses where services are required. 





Figure 6.2 Consumer to business 
 
6.1.1.3 Business to Business (B2B) 
In this model business organizations exchange data electronically and 
banks make transactions online from each other. Since both buyers (business) 
and sellers (business) interact with each other, the relationship is business to 



















Figure 6.3 Business to business 
Private sector had recognized the importance of this model in e-business and e-
economy earlier [130]. 
6.1.1.4 Consumer to Consumer (C2C) 
In this e-commerce model customers (consumers) sell and buy products or 
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In financial institutions two models of e-commerce from the above (i.e. 
B2C and B2B) stated models affect the retail banking and investment banking. 
The major technology vendors such as Sun Microsystems, Microsoft, Oracle and 
IBM facilitate the implementation of e-commerce in banks [90].   
6.1.1.5 Business to Consumer Model 
In banks customers buy different banking products and services through 
the interface that consists of software, network and telecom connections. 
Consumers may purchase the services regardless their account within the same 



















6.1.1.6 Business to Business Model 
In banking systems this business to business relationship is used to 
exchange data and complete daily routine procedures among banks from one to 
another. This relationship expedites the process, saves cost and other resources. 





Figure 6.6 Business to Business model in banks 
 
In banking business both the above relationships (i.e. B2C and B2B) are used 
to establish connection between customers and bank and banks to banks in order 
to make transactions and exchanging data. During the processing of business 















      Financial sector is growing rapidly that is supported by the development of 
information technology. Besides internet banking (i.e. E-commerce) other 
services such as ATMs, telephone banking and mobile banking etc. are being 
offered by banks.  
6.2 Evaluation of the Framework 
      We have selected the financial sector for two reasons. First, the financial 
industry is a dynamic one that always strives to meet the customers’ demands 
that cause changes in business functions. Secondly, financial institutions are 
always keen to adopt technologies for providing efficient and effective services 
to the customers. We are interested in different measures and dimensions of a 
system in the financial domain in order to determine the co-evolution of business 
and information technology in the financial institutions. Financial institutions 
adopt technologies to expedite the business processes in order to improve the 
performance of organization. However, researchers realize that there is a 
complex relationship between IT and organizational performance [91]. When 




organizations announce investments in IT they receive a positive impact [92], but 
actual returns from IT investments are insufficient and experts suggest that there 
is a little evidence that IT investments have positive impact on measures of 
organizational performance [93]. We would evaluate organizational performance 
in order to determine whether IT has co-evolved the business processes and vice 
versa. We will use objective and subjective data for evaluating organizational 
performance. The objective data refers to the financial data such as return on 
investment (ROI), return on assets (ROA), internal rate of return (IRR), net 
present value (NPV), sales growth, revenue growth etc. whereas subjective data 
calls upon the perception of the respondents [94][3].  
6.2.1 Data Collection and Preparation 
        There are four methodologies of empirical research in information systems 
areas namely case studies, laboratory studies, field studies and field tests [95]. 
We selected ABC Bank (due to privacy agreement we hide the identity), one of 
the largest financial institutions in Saudi Arabia that has expanded tremendously 




due to its innovative and effective services and products. The ABC has set an 
example for being a well aligned company that has started developing business 
applications, retains employees and provides excellent services to its customers. 
The ABC Bank has hundreds of branches and a range of products and services to 
offer to its customers.  We contacted to the ABC head office and explained the 
reason for conducting the research study and requested them to identify the 
departments and the concerned decision makers who were knowledgeable in 
both business and information technology.         
          The ABC Bank provided us with documents in the areas of information 
systems, business plans, enterprise architecture and organizational performance 
etc. The ABC executives and managers provided us with the comments and 
views in various interviews and discussions of up to one and half hour duration 
each time. We prepared our questions for interviews, but occasionally the data 
was collected in form of questionnaire due to unavailability of the concerned 
people. The questionnaire approach is useful in obtaining quantitative scale and 
qualitative data [96]. The survey method is inexpensive, less time consuming and 




simple to collect data from dispersed audiences. The survey research is defined 
as a collection of information for scientific purpose from a sample of population 
using instruments [97]. In addition to interviews, a survey approach has been 
chosen in order to exploit the following advantages: 
1. It is believed to be an economical method to examine a complex 
phenomena [98] . 
2. Survey instruments document norm, identify extreme outcomes and 
describe associations between variables in a sample [99]. 
3. Survey instruments give good results of independent variables on 
dependent variables [98]. 
4. The research instruments provide more systematic data than case studies 
and facilitate generalization [100].  
 
 However, there are some problems with the survey research and they 
have been considered as below: 




1. An excessively large survey instrument may create problems in 
administering and analyzing data. Surveys with 12 or less number of 
pages may expect a reasonable response rate [101]. 
2. Large sample sizes may give researcher a wrong perception in evaluating 
statistical significance. It is important that in a large sample smallest 
relationship may yield statistically significance differences at acceptable 
levels of reliability [102][103]. 
6.2.1.1  Ethical Considerations 
In any empirical study ethical considerations are important and we also kept 
such considerations before the inception of the case study. The participation of 
people in the study was completely voluntary and participants were informed 
the objective of the study for higher learning. All participants were assured that 
information would not be made available to anyone who was not directly 
involved in the study and there anonymity would be preserved. To ensure that 
no verbal information was missed out, we audio taped the participants and 




before doing that we had asked the permission from the participants. The 
participants were allowed to edit their conversation on tape or even they could 
have withdrawn from audio taping during the interview process. In all cases the 
tapes were erased after the data had been transcribed. 
6.2.1.2  Data Collection Method  
           There are different methods of information collection such as face-to-face, 
email, mail, telephone and web. Selection of methods depends on the financial 
resources and circumstances [104], we have used a mix of the methods i.e. face-
to-face, email and mail. We used telephone to clarify any question and to 
following up the survey instrument. In this modern technology world we also 
mailed out the survey instruments in order to access otherwise inaccessible 








6.2.1.3  Response Rate 
         The quality of findings of a survey research gets affected by its response 
rate [105] as the low response rate may not be considered a reliable and 
generalized data [106]. Response rate can be increased by giving incentives to the 
respondents; for example, personalized cover letter, statement of confidentiality, 
a precisely written questionnaire, simple and clear instructions etc. [107].  
         We have interviewed executives and managers in business and IT 
departments and other employees face-to-face in order to collect information. At 
times we were not able to meet directly with the concerned persons and in that 
case we used our survey instrument to collect the information we intended to ask 
during the face-to-face meetings.  
6.2.1.4  Survey Instrument Design  
         When a survey instrument is designed there are some factors that need to 
be considered carefully such as type of the questions, format, content and 
classification of the questions [108].  




Types of questions are termed as open-ended and close-ended where open-
ended questions provide respondents an opportunity to describe their views in 
narrative form. Although open-ended questions give free hand to respondents to 
reply in their own words, the drawback is difficulty in administering the 
questions and difficulty in data analysis. Usually respondents refrain replying 
such questions as they require significant amount of time. In viewing this we did 
try to keep such questions in a minimum number in our instrument. The close-
ended questions, however, are easy to manage and for analysis. Respondents are 
given various options to select the best one according to respondent’s opinion. 
Close-ended questions are like multiple choices, true/false, yes/no, ranking and 
rating scales type questions. Likert scales are used in the rating type of questions 
where respondents select the level of agreement in a specific statement. Likert 
scales are useful in empirical studies that are related to adoption of information 
technology [109]. We used a five-point scale in our survey instrument as it is 
adequate for subject-centered scales and used in research of adoption of 
information systems technology [110][111].   




Content and Classification of the questions either in face-to-face meetings or in 
survey instrument has great impact and effectiveness. If the questions are 
designed and constructed in clumsy manner they may lose the real essence of the 
questions leading to unwanted results. When we constructed the questions we 
kept them brief and clear in order to be read and understood completely. We 
classified our questions in categories concisely and clearly for example, business 
strategy, technology strategy and overall organization performance. We did try 
to ask one question at a time in an item of interest; for example, if the 
respondents were asked whether the business strategy was ‘effective and 
aligned’ with technology in one question, we may not be able to get the right 
answer whether it is about effectiveness or alignment or both.    
        Considering the terminologies in both the domains i.e. business and IT, we 
avoided the jargon so that questions and their meanings are clearly understood 
by the respondents.  




Non-response items may result in wrong and incomplete data that may 
adversely impact the reliability of the survey instrument. A respondent may opt 
not to response of any item for some reasons such as: 
a). the questions may not be relevant to the respondent’s field of interest or 
domain 
b). respondent does not understand the questions and consider them as vague 
c). respondent may not feel comfort in replying the questions.  
d). respondent does not find the required option from the given ones in order to 
reflect his true answer 
          In our questionnaire and face-to-face meetings we requested that the 
respondents to reply to all the questions without leaving anyone of them blank. 
In case of any ambiguity, misunderstanding or query in any question, the 
researcher made available himself for clarification and helped them by any 
means. Non-response questionnaires (i.e. any single question without answer) 
were eliminated from the study. 




6.2.2  Survey Instrument 
         The survey instrument is based on the interviews questions. As we stated 
earlier that the instrument was designed to collect data from the executives and 
managers who were unable to meet in person for one reason or another. The 
questionnaire comprised of four sections.  
The first section of the instrument aims at measuring the overall performance of 
the ABC and, therefore, required variables have been measured in this section 
such as annual budget, sales growth, operational cost, return on investment etc.  
          The second section of the instrument focuses on the measurement items for 
business and IT strategies. A large number of questions measure the IT role in 
business strategy, business growth, impact of business process reengineering, 
business competitiveness, audit of business architecture, innovation in IT, audit 
of alignment strategy, IT architecture, IT budget etc.    
        The third section consists of mix of open-ended and close-ended questions 
that are related to architecture in ABC. In this section we are interested that 




respondents explain the environment and discuss the architecture of the bank 
whether it has been reviewed and updated. This section also collects data about 
the technologies being used and their impacts on the business processes within 
the bank.  
         The fourth section of the instrument determines the background of the 
respondents i.e. gender, age, education, management position, experience, 
annual income etc.  
6.2.2.1  Measurements of the Items 
         Our literature review helped to identify the definition of business and IT 
strategies and relevant variables including the organizational performance. We 
identified the items and concerned variables for our interviews and survey 
instrument. For the instrument we have used a five-points Likert’s scale where 
the range of responses is from ‘Strongly Disagree’ to ‘Strongly Agree’ with a 
middle option as ‘Neutral’. A respondent opted ‘neutral’ to indicate the middle 
response between either agree and disagree or neither agree or disagree.  




Therefore we have used typical Likert’s scale (with the numerical values) to 
represent our data i.e.  
SA = Strongly Agree (5)       
A = Agree (4)        
N = Neutral (3)        
DA = Disagree (2)       
SDA = Strongly Disagree (1) 
6.2.2.2  Measurements of Organizational Performance 
          We know that organizational performance depend on various factors 
within and outside of the organization. Many researchers have found that IT has 
great impacts on the performance of an organization [113][114][115][116]. To 








Item Expression  
FPS The organization has increased the number of financial products and 
services within last year 
ASG The annual sales growth position is remarkable as relative to the 
competitors 
CS The level of customer satisfaction has increased as compare to the previous 
years 
OC The operational cost within organization has decreased 
MS IT has facilitated our organization to gain market share as compare to 
competitors 
RS The organization always rewards to staff based on the business 
performance 
OI The image of the organization has improved 
QPS The quality of financial products and services has increased 
ROI The organization has excellent rate of return on investment 
IRR In our financial institution any new launch of product or service has a good 
internal rate of return 
 
Table 6.1  Items to Measure Organizational Performance 
6.2.2.3         Measurements of Business and IT Strategies 
         In ABC the performance of the company is affected by various factors, but 
we are interested in the business strategies, IT strategies and the IT environment 




including the architecture that is being used in the company. Our measurement 


















BSIT In our organization IT has a significant involvement in shaping our business 
strategy 
BSP IT people should be engaged in shaping up the business strategy 
BRIT IT role in the organization is to support business processes 
BOGT The organization is growing due to implementation of technology 
BMIT The business managers should consult with the IT managers in preparing 
business strategy 
BPRO The business process reengineering should be a routine work within our 
organization 
BPAS The personnel of our organization is well aware of business and IT strategies 
BART The organization reviews and updates the business architecture in result of 
any IT innovation 
BSPC Our organization offers new services and products to be competitive in the 
industry 
BOR The organization is willing to take risks 
Table 6.2  Items to Measure Business Strategies 
 




Item Expression  
TICS IT investment in the organization is linked with corporate strategy 
TA Our organization acquires state-of-the-art technology (i.e. software, 
hardware) as soon as the need arises 
TBA In the firm IT budget is restricted and considered as an expense rather an 
asset 
TLB IT people have difficulty in understanding business requirements due to the 
lack of business knowledge 
TUR The information systems are updated as soon as new business requirements 
are introduced 
 
Table 6.3 Items to Measure IT Strategies 
6.2.2.4  Data Coding 
          The data we collected from ABC through interviews and survey 
instruments from require meeting the analysis requirements i.e. entering data 
and coding in a proper format.   
         The responses we received either from the direct interviews or in survey 
instruments we re-coded for each question. We used the conventions stated in 
[107] that describe the coding process for assigning numerical value to every 
answer of each question in the study. For example, when we asked the question 




about respondent’s gender we coded 1 for male and 0 for female. Likewise, we 
entered numerical values for all the answers we received against each question in 
the interviews and the survey instrument. The numerical values become the 
attributes for the variables. 
6.2.2.5  Data Entry  
         There are different means of entering data into computers such as keyboard, 
scanner and bar codes. We used keyboard to enter data into Microsoft Excel and 
used some statistical tools and software such as SPSS. Before entering data into 
spreadsheet, we checked the data thoroughly as any mistake could lead to 
unwanted or incorrect results. We ensured that the data entered was verified in 
order to enter the quality data into the spreadsheet. We removed any errors in 
the data, for example, in the open ended questions we carefully recorded 
answers and extracted the real essence of the response. By real essence means the 
exact information relevant to the question avoiding unnecessary details. We also 
verified the codes entered are according the answers given by the respondents. 




6.2.2.6  Test for Reliability 
         The reliability of a questionnaire is significant in extracting the results and, 
therefore, we wanted to ensure that each item in our survey instrument was 
reliable. An item is said to be reliable when it produces the same results from the 
same object [119]. Internal consistency is an important aspect of reliability that 
shows consistency in the measuring scale [120]. To assess the internal consistency 
of a measure the Cronbach’s coefficient has been used and [121] suggested that 
set of items should have a coefficient alpha equals or greater to 0.70 to be 
considered internal consistent, however, alpha value greater than 0.60 also shows 
internal consistency [104][122].   
        In the survey instruments and interviews we found all the items with alpha 








6.2.3    Data Analysis and Results 
         During the interviews, observation of the documents provided by the banks 
and the data collected through survey instruments we found that the enterprise 
architecture of the bank is reviewed annually by the management and technical 
division of the bank. The aim of the architecture development was to maintain 
the consistent alignment between business processes and the supporting 
technologies.  
         The new products and services to meet the requirements of the customers 
exploit innovation in technology that causes a change in the architecture. We 
found the enterprise architecture of the ABC bank is composed of two main 
structures i.e. business and technology. Each structure consists of various 









Business Business Processes All the banking 
business processes that are related to the 
aims and objectives 
Business Process Management All the 
business process management activities 
that are performed within the bank 
IT Control model All the governing 
activities that assist in the development 
and evolution of IT 
Bank Website Administration All the 
controlling activities that performed to 
monitor and maintain the website of the 
bank 
Technology Infrastructure All the hardware elements 
that is necessary for connecting users and 
computers i.e.  transmission media, 
routers, repeaters etc. 
Tools and technologies The bank has 
various toolsets such as XML, DIGIPASS, 
VACMAN, SOAP, UML, Java tools, SQL 
etc. 
Architecture The ABC bank has different 
sub-architectures such as data 
management, applications and security 
sub-architectures 
 
Table 6.4   ABC Architecture structures and components 
 




 As we noted that the enterprise architecture of the ABC bank consists of 
the technologies that are integrated with the business processes in order to meet 
the bank’s mission and objectives. The architecture depicts that developers are 
instructed for the use of component models and service oriented development.  
         We can see that table 6.4 shows the structures and components of the 
architecture that may help in maintaining the alignment between business and 
IT. The business components of the architecture are very important to the 
architecture. We noted that the ABC bank has the process of analyzing the 
investment and for this purpose business drivers and the needs have been 
integrated. This analysis is important for the improvement of the systems 
efficiency and effectiveness provided the IT investment has also been taken into 
consideration. 
          We found in the study that the executives of the ABC bank strive to 
disseminate business information to the staff and other stakeholders in order to 
keep them abreast with the bank policies, rules and regulations, new services 
and products. All agreed that sharing information, planning for the upcoming 




events and supporting each other in the organization reduce the gap between 
business and IT as all staff would be aware of business processes and required 
technologies. A senior executive said that the alignment mechanism in the bank 
is in place where senior business executives and strategic management groups 
plan business and strategic planning along with the IT control. We observed that 
there are two mechanisms in the bank that exhibit the alignment between 
business and IT. The first mechanism is responsible for communication about 
business planning at all levels and full management support. The second 
mechanism is the intellectual that is responsible for monitoring and reviewing 
enterprise architecture in both business and IT domains, groups of executives 
and staffs.  
         Businesses are changing and hence a perfect synchronization between 
mechanisms cannot be achieved, in turn alignment is different in different times. 
Table 6.5 shows the mechanisms for alignment in the bank 
 
 






Communication mechanisms Disseminating information of business 
planning 
Support from the highest management 
Intellectual mechanisms Auditing enterprise architecture both 
business and IT 
Top management forums 
Planning for strategy 
 
Table 6.5  Mechanism for alignment in the bank 
 
         We noted that the gap between business and IT cannot be reduced just only 
at high level mechanisms, but it is also necessary that low-level mechanisms be 
given consideration such as business training to the staff or training in new 
business processes and information technologies. We found the architecture of 
the bank intended to bridge the gap between business and IT and there were 
links between main business processes and IT components that were shown in 
the enterprise architecture. 




        We also conducted interviews within ABC bank with many executives, 
senior officials, manager, middle managers and supervisors of their respective 
department. We delivered 118 questionnaires to the people whom either we 
could not meet at all or partial interviews were conducted. We received 71 
completed questionnaire and following checking and reliability test we selected 
65 questionnaires for the required data [the data may be provided on request].  
        Following we show data in different tables that we received from different 
respondents in the bank to closed-ended questions (either in interviews or 
survey instruments). The questions were aiming at knowing the overall 
performance of the ABC bank. As we stated earlier, we used the Likert’s scale 
with numerical values ranging from 1 to 5 where 1 represents ‘Strongly Disagree’ 
(SDA), 2 is used for ‘Disagree’ (DA), 3 is for ‘Neutral’ (N), 4 represents ‘Agree’  
(A) and 5 is for ‘Strongly Agree’ (SA).  
The table 6.6 shows the total numbers of responses in each item for 
organizational performance.  
 





No. of Responses 
5 4 3 2 1 
FPS Organization increased financial products and services 36 16 3 5 5 
ASG Annual sales growth is remarkable 34 18 3 5 5 
CS Level of customer satisfaction increased 32 22 3 4 4 
OC The operational cost has decreased 37 16 2 6 4 
MS The IT has facilitated to gain market share 27 26 2 6 4 
RS The staff are rewarded based on performance 32 14 4 9 6 
OI Overall image of our institution is increased 23 29 3 6 4 
QPS Quality of financial products and services has increased 30 24 2 5 4 
ROI The organization has excellent return on investment 37 18 1 6 3 
IRR New product or service has good internal rate of return 34 22 2 5 2 
 
Table 6.6 Organizational Performance Items Responses 
 
 The table 6.7 shows the list of items in order of the scores on scale 1-5 that 
each item received in organizational performance. 
 




Item Description Score 
IRR Internal rate of return is good 4.24 
ROI Return on investment is excellent 4.23 
CS Customer satisfaction is increased 4.13 
FPS Financial products and services increased 4.12 
OC Operational cost  decreased 4.10 
QPS Quality of products and services increased 4.09 
ASG Annual sales growth remarkable 4.09 
MS Market share gained due to IT  4.01 
OI Organization image improved 3.93 
RS Staff rewarded based on performance  3.87 
 
Table 6.7 Organizational Performance Items Score 
 
 Any business organization is a set of activities that include business 
model, strategy and operations. By business model we mean that how 
organization create and deliver values, strategy meets the aims and objectives of 
the organization and operations implement strategy that that comprised of 
people, processes and IT elements. The data in table 6.5 and 6.6 show the bank 
performance is good and the business model is working appropriately.  It is 




important to note that in overall performance of the bank people did not strongly 
agree that IT has helped to gain market share. This is the only one parameter 
where people have shown a little different opinion. The scores in other items 
such as the quality of products and services is increased (QPS) and in turn the 
level of customers’ satisfaction increased (CS) show that business processes are 
supported by the underlying IT, then why people have different opinion that IT 
did not help to gain market share. We will strive to find the answer in the 
following data tables. Although, the bank provides good services to the 
customers, we noted the bank does not provide frequent bonuses or rewards to 
employees (RS) based on their performance and this may have been one of the 
reasons that the image is not that glaring (OI).  
          The table 6.8 shows the measures for business strategies and the responses 










No. of Responses 
5 4 3 2 1 
BSIT The IT has significance in business strategies 12 7 4 22 20 
BSP IT people should be engaged in business strategies 11 10 6 23 15 
BRIT The IT role in business is to support business processes 36 10 4 8 7 
BOGT Organization is growing due to IT 28 20 5 8 4 
BMIT Business managers should consult IT 37 12 5 6 5 
BPRO Business process reengineering should continue 36 16 3 7 3 
BPAS Personnel well aware of business and IT strategies 23 13 4 9 6 
BART Business architecture updated regularly 35 15 6 7 2 
BSPC Services and products introduced for competition 33 18 3 7 4 
BOR Organization is willing to take risk 16 12 3 22 12 
 
            Table 6.8 Business Strategies Items Responses 
The table 6.9 shows the total scores received by each item in business strategies 
measures 
 




Item Description Score 
BPRO Business process reengineering should continue 4.15 
BART Business architecture updated regularly 4.13 
BSPC Services and products introduced for competition  4.09 
BMIT Business managers should consult IT 4.07 
BRIT IT role in business is just to support business 3.92 
BOGT Organization growing due to IT  3.92 
BPAS Personnel well aware of business & IT strategies 3.89 
BOR Organization willing to take risk 2.96 
BSP  IT people should be engaged in business strategies 2.67 
BSIT IT has significance in business strategies 2.52 
 
  
 As business strategy is composed of corporate strategy, business and 
operation strategy, we see in tables 6.7 and 6.8 most of the people do not agree 
that IT has significance in business strategies and IT people should be engaged in 
business strategy (see items BSIT and BSP).  This implies that operational levels 
between business and IT do not co-evolve. Since IT planners are not engaged in 
business strategies due to the lack of communication successful links between 
Table 6.9 Business Strategies Items Score  
 




business objectives, IT strategy and underlying architecture insufficiently 
developed and a gap is created. The data shows that three levels are not co-
evolving as shown in our co-evolutionary framework. Business people perceive 
the IT services are just to support the business processes and they do not 
consider the significance of IT personnel in business strategies. Our argument is 
supported by the data from BRIT that shows people consider IT as a tool to 
support business processes. Most of people are not well aware of business and IT 
strategies as shown in item BPAS. For a successful business it is important that 
business and IT environment are linked together. This requires the co-evolution 
throughout the three levels as the data depicts co-evolution does not occur in the 
bank throughout the first level (i.e. individual level) as we have shown in our 
framework. This validates our framework that co-evolution can occur at all three 
levels rather at any specific level. Albeit, the bank is performing well, but the 
performance can be improved by implementing our co-evolutionary framework 
as it enables IT people to develop a system that could reflect organization’s needs 
and achieve business-IT alignment.  




 The organization needs to utilize the full capabilities of its IT 
infrastructure that is composed of technical (such as software, hardware, 
networks etc.) and human components (such as technical skills, capabilities and 
IT knowledge). As most of the people strongly agree that business processes 
should be reengineered continuously (item BPRO), it is important that all people 
should be well aware of it and this can be affective if all three levels co-evolve 
shown in our framework.   
          The table 6.10 shows the data for IT strategies measures and responses 
received from the bank staff.  
Item Description 
No. of Responses 
5 4 3 2 1 
TICS The IT investment linked with corporate strategy 17 16 5 12 15 
TAT The organization acquires new technology 22 13 4 15 11 
TBA The IT budget is considered as an expense 32 20 5 6 2 
TLB The lack of business knowledge in IT people 28 13 4 12 8 
TUR Information systems are updated with new IT 30 15 4 11 5 
 
Table 6.10 IT Strategies Items 
Responses 
 




The table 6.11 shows the total scores in each item of the IT strategies items  
Item Description Score 
TBA IT budget is considered as expense 4.13 
TUR Information systems updated with new IT 3.83 
TLB Lack of business knowledge in IT people 3.63 
TA Organizations acquires new technology 3.30 
TICS IT investment linked with corporate strategy 3.12 
 
Table 6.11 IT Strategies Items Scores 
 Co-evolution in organization may not occur unless the evolving business 
processes are supported by the evolving technologies. As we see in tables 6.9 and 
6.10 that most of the respondents consider IT budget as an expense (item TBA) 
that is the organization does not value the adaptation of technologies. This 
argument is supported by the data TUR and TA as well where new technologies 
are not readily acquired and updated with the new systems. The data shows the 
information systems in the bank are updated with the existing technologies due 
to financial restrictions. This also depicts that co-evolution does not occur 
effectively as when business and IT strategies are changed the lower levels do 




not co-evolve due to budget constraints and therefore, a misalignment occurs. 
This also validates the co-evolutionary framework that requires co-evolution 
from first level to the third level.     
          The case of the ABC bank illustrates that there is development in business 
as a result of business evolution (new services and products), but due to absence 
of evolving IT there is a gap between business and IT. Co-evolution in the bank 
may occur in result of a change that requires changes in all levels and 
components. Currently co-evolution does not occur since the architecture of the 
ABC bank does not co-evolve i.e. when the new services or products are 
introduced or new business strategies are adopted, the supporting technologies 
do not co-evolve. Secondly, the absence of appropriate communication between 
business and IT people at all levels causes the misalignment and does not allow 
co-evolving the system and the gap between the two entities arises.  
           Our co-evolutionary framework that is comprised of three levels will help 
to overcome such problems in an integrated fashion. When business or IT 
strategies are changed at strategic level, the operational level will support with 




the required technologies by looking into the required components and co-
evolve the system and the IT infrastructure will fulfill the individual’s 
requirements. Since each level in the framework interacts with another level co-
evolution occurs at different levels. 
6.3  Summary 
The main aim of the chapter was to evaluate and validate the co-evolutionary 
framework in a financial institution. To achieve this, a case study was carried out 
in a financial institution and data was collected by using different research 
methods such as interviews, observations and questionnaire. A survey 
instrument was also designed for the purpose of collection of data from different 
employees in the organization. It was found that the co-evolution in the 
organization does not occur at all levels and impact of the co-evolution at 
strategic level does not propagate at all levels. Our findings in the case study 
show there is a gap between business and IT people and lack of communication 
from top level to lowest level causes the gap. The data also supports the 




argument that business strategies are developed without consulting IT personnel 
and therefore a misalignment occurs at the top. Consequently the operational 
and individual levels are affected and co-evolution does not take place 
effectively. The framework was found to be more efficient as it co-evolves all 
three levels in organization that may speed up the business processes. 
 
 





Conclusion and Future Work 
 
 This chapter presents the summary of the thesis and the contribution to 
the knowledge by describing the answers of the research question. It also 
highlights limitation of the study and the directions for future work. 
7.1   Summary 
The purpose of this research study was to develop a co-evolutionary framework 
by integrating three levels i.e. strategic level, operational level and individual 
level. The study started with an extensive review of literature in order to find out 
relevant models. Some computational models were reviewed in order to provide 
a background of the proposed co-evolutionary framework that may be 
implemented in such contexts. A definition of computational model has been 




provided that is necessary to describe the behaviour of a system in terms of its 
components. Various alignment models and frameworks of business and IT were 
reviewed and almost all of them found to be conceptual and do not provide data. 
Since the research study aimed to be empirical therefore, there was a need to 
have enough knowledge about the factors and elements that are required to 
determine the co-evolution in organization. The reviewed literature helped to 
understand such factors and different levels of business and IT in organizations. 
The study carried out based on co-evolutionary methodology that expanded the 
knowledge of co-evolution of different entities. A co-evolutionary approach 
helps to determine the co-evolutionary dynamics between the entities in order to 
improve effectiveness of both the entities. In the research work a case study 
approach has also been used that supports an empirical investigation to be 
conducted for observing a real life phenomenon using several sources of 
information.    
As a result of extensive literature review and in-depth study of co-
evolution theory a co-evolutionary framework was developed. The proposed 




framework includes three levels of business and IT with their respective 
components (such as strategies, policies, rules, software, hardware, 
communication and network devices etc.). The three levels have been integrated 
by a k-mediator that facilitates co-evolution between levels of each entity. The 
benefit of the framework is that it ensures the co-evolution occurs at all three 
levels of business and IT. Therefore, business processes will become more 
efficient and effective in order to fulfill clients’ requirements and more revenue 
generated.  
The framework was evaluated and validated in a financial institution 
where a knowledgeable person in both the domains (i.e. business and IT) was 
considered as a k-mediator. The findings show that the co-evolution does not 
occur at all levels and the data obtained from different measurements exhibit 
good validation of the framework.  
 
 




7.2   Contribution    
In order to highlight the main contribution of this thesis, we evaluate our 
work by giving the answer of the research question posed in the beginning of 
this thesis as:  
 
Is there any systematic and scientific theory for co-evolution that may assist in 
discovering an efficient technique or method to reducing the gap between business 
and information technology? 
 
The question has been answered in general by investigating the scientific 
theory for co-evolution that is based on biology and described by Ehrlich et al. 
[40] that when different species interact with each other in their environment the 
interaction causes evolutionary changes. This shows that each entity in co-
evolutionary relationship influences each other and helps one another’s 
evolution. This theory has helped us to relate business and IT in an integrated 




manner in an organizational environment. Almost all of the co-evolutionary 
models and frameworks presented by different researchers and practitioners are 
conceptual that stress on aligning business strategies and IT strategies. 
None of the frameworks has investigated a scientific theory for co-
evolution in an integrated fashion where three levels of business and IT have 
been studied using k-mediator. The proposed co-evolutionary framework is an 
empirical one that consists of three levels in organization i.e. strategic, 
operational and individual. The framework has used a knowledge mediator that 
provides the knowledge base to the framework. The three levels in organization 
facilitate co-evolution in organization. The proposed framework will help to 
understand co-evolution in business-IT environment and will aid organizations 
to expedite business processes that may generate more revenue. The framework 
has been validated in a financial institution where three levels were studied and 
co-evolution studied. The case study in a bank has provided data sufficient to 
evaluate and validate the framework.  




 As the research question was based on two sub-questions the first sub-
question described as:  
 
Does an integrated environment in an organization impact on the gap between 
business and IT ? 
  
For a successful business it is important that all parts of an organization work 
strategically and operationally in the same direction at all levels. It is important 
that both business strategy and IT strategy work together in order to have 
positive impact on the strategic environment at strategic level and business 
processes efficiently perform at operational level. If business strategy and IT 
strategy are moving in different directions then business failure is imminent.  
Since companies invest heavily in IT they would like to achieve the business 
objectives with the help of IT function.  
The answer of the question was found in the case study in the financial 
domain where data of different parameters showed that business and IT 




strategies affect the gap between business and IT. In tables 6.7 and 6.8 the BSIT 
and BSP data show that business and IT strategies do not co-evolve as most of 
the respondents in the bank do not agree that business IT personnel should be 
engaged in business strategies. This is the first level in organization and if the co-
evolution does not take place at this level the lower levels may not co-evolve 
effectively. This validates our framework that co-evolution at all levels is 
necessary. Similarly, the BPAS data shows the personnel of the bank need to 
aware of business and IT strategies at individual level.  
Similarly, in table 6.9 and 6.10 the data TBA shows that IT budget is restricted 
and considered as an expense and even the information systems are updated in 
result  of any new requirement (see TUR data), it appears the change is updated 
with the existing technology that is the operational level does not co-evolve. The 
data TLB depicts that IT people have a lack of business knowledge and therefore 
they may not understand the business requirements properly. This shows the co-
evolution does not take place at individual level.  




We conclude that an integrated environment in organization does impact the 
gap between business and IT and this depends on organization how they co-
evolve at different levels. 
 Another sub-question of the main research question stated as: 
 
Is the linkage between business and information technology effective? 
 
In business organizations IT influences the structure of the organizations. 
IT makes information readily available throughout the organization for decision 
making at different levels even centralized decision making at higher level. 
Therefore, organizations are adopting IT for not only expediting the business 
processes but also for making strategic decisions. The linkage between business 
and IT is very important and effective to maintaining the alignment between 
business and IT. When a change in business strategies occurs it must also change 
IT strategies as well [127]. This change may bring the co-evolution at lower levels 




i.e. operational and individual. If the business and IT are not linked together the 
co-evolution may not take place effectively. 
 The answer of the above sub-question is ‘yes’ as business and IT have an 
linkage. Further, the answer of the question was found in the case study in the 
financial domain where business processes are linked with the IT functions. The 
table 6.8 depicts the data where TUR and TBA show linkage between business 
and IT when the information systems are updated as soon as the business 
requirements are changed. 
7.3  Future Work 
This dissertation presents a co-evolutionary framework to reduce the gap 
between business and IT in an integrated fashion. For a successful co-evolution it 
is necessary that all three levels co-evolve with their respective components. The 
framework has been evaluated in a financial institution and cannot be 
generalized. In future, the framework can be validated in a large body of 
organizations or different type of business organizations. Since co-evolution is a 




continuous process and it occurs suddenly in result of a change, therefore, rate of 
evolution between both the entities is different. Researchers agree that the gap 
cannot be removed completely since both the entities evolve at different rates. 
Therefore, in future a theoretical framework can be built in order to determine 
the rate of evolution in each entity so that the co-evolution between business and 
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Following are the indicative questions that were used in semi-structured and 
unstructured case interviews and survey instrument 
 
Please indicate * √ + against each of your answer 
 
Section I: Overall Organizational Performance 
 
1. Our organization has increased the number of financial products and 
services within last year 
 
[  ] Strongly Agree 
[  ] Agree 
[  ] Neutral 
[  ] Disagree 
[  ] Strongly Disagree 
 
2. Our annual sales growth position is remarkable as relative to our competitors 
 
[  ] Strongly Agree 
[  ] Agree 
[  ] Neutral 
[  ] Disagree 






3. The level of customer satisfaction has increased as compare to the previous 
years 
 
[  ] Strongly Agree 
[  ] Agree 
[  ] Neutral 
[  ] Disagree 
[  ] Strongly Disagree 
 
4. The operational cost within organization has decreased 
 
[  ] Strongly Agree 
[  ] Agree 
[  ] Neutral 
[  ] Disagree 
[  ] Strongly Disagree 
 
5. The IT has facilitated our organization to gain market share as compare to 
competitors 
 
[  ] Strongly Agree 
[  ] Agree 
[  ] Neutral 
[  ] Disagree 








6. Our organization always rewards to staff based on the business performance 
 
[  ] Strongly Agree 
[  ] Agree 
[  ] Neutral 
[  ] Disagree 
[  ] Strongly Disagree 
 
7. We understand the overall image of our organization has improved  
 
[  ] Strongly Agree 
[  ] Agree 
[  ] Neutral 
[  ] Disagree 
[  ] Strongly Disagree 
 
8. The quality of our financial products and services has increased 
 
[  ] Strongly Agree 
[  ] Agree 
[  ] Neutral 
[  ] Disagree 
[  ] Strongly Disagree 
 
9. We consider our organization has excellent return on investment  
[  ] Strongly Agree 
[  ] Agree 
[  ] Neutral 
[  ] Disagree 





10. In our financial institution any new launch of product or service has a good 
internal rate of return 
 
[  ] Strongly Agree 
[  ] Agree 
[  ] Neutral 
[  ] Disagree 
[  ] Strongly Disagree 
 
 
Section II: Business and IT Strategies 
 
11. In our organization IT has a significant involvement in shaping our business 
strategy 
 
[  ] Strongly Agree 
[  ] Agree 
[  ] Neutral 
[  ] Disagree 
[  ] Strongly Disagree 
 
12. We understand that IT people should be engaged in forming business 
strategy 
 
[  ] Strongly Agree 
[  ] Agree 
[  ] Neutral 
[  ] Disagree 





13. In my opinion IT role in our organization is to support business processes 
 
[  ] Strongly Agree 
[  ] Agree 
[  ] Neutral 
[  ] Disagree 
[  ] Strongly Disagree 
 
 
14. We think that our organization is growing due to implementation of 
technology 
 
[  ] Strongly Agree 
[  ] Agree 
[  ] Neutral 
[  ] Disagree 
[  ] Strongly Disagree 
 
15. We are of the view that business managers should consult with the IT 
managers in preparing business strategy 
 
[  ] Strongly Agree 
[  ] Agree 
[  ] Neutral 
[  ] Disagree 






16. We consider the business process reengineering should be a routine work 
within organization 
 
[  ] Strongly Agree 
[  ] Agree 
[  ] Neutral 
[  ] Disagree 
[  ] Strongly Disagree 
 
17. Our organization regularly reviews and upgrades the business architecture 
in result of any IT innovation 
 
[  ] Strongly Agree 
[  ] Agree 
[  ] Neutral 
[  ] Disagree 
[  ] Strongly Disagree 
 
18. Our financial organization offers new services and products to be a 
competitive in the industry 
 
[  ] Strongly Agree 
[  ] Agree 
[  ] Neutral 
[  ] Disagree 








19. Our organization is always willing to take risks 
 
[  ] Strongly Agree 
[  ] Agree 
[  ] Neutral 
[  ] Disagree 
[  ] Strongly Disagree 
 
20. The IT investment in our organization is linked with the corporate strategy 
 
[  ] Strongly Agree 
[  ] Agree 
[  ] Neutral 
[  ] Disagree 
[  ] Strongly Disagree 
 
21. Our organization acquires state of the art technology (i.e. software, 
hardware) as soon as the need arises 
 
[  ] Strongly Agree 
[  ] Agree 
[  ] Neutral 
[  ] Disagree 









22.  In our firm IT budget is restricted and considered as an expense rather an 
asset 
 
[  ] Strongly Agree 
[  ] Agree 
[  ] Neutral 
[  ] Disagree 
[  ] Strongly Disagree 
 
23. Our IT people have difficulty in understanding business requirements due to 
the lack of business knowledge 
 
[  ] Strongly Agree 
[  ] Agree 
[  ] Neutral 
[  ] Disagree 
[  ] Strongly Disagree 
 
24. Our information systems are updated as soon as new business requirements 
are introduced 
 
[  ] Strongly Agree 
[  ] Agree 
[  ] Neutral 
[  ] Disagree 







25. We are well aware of our organization’s business and IT strategies and 
objectives 
 
[  ] Strongly Agree 
[  ] Agree 
[  ] Neutral 
[  ] Disagree 
[  ] Strongly Disagree 
  
26. We believe that enterprise architecture can help reducing the gap between 
business and IT 
 
[  ] Strongly Agree 
[  ] Agree 
[  ] Neutral 
[  ] Disagree 
[  ] Strongly Disagree 
 
Section III: Architecture and Environment 
 
27. Please describe the method that is used to develop architecture in your 
organization 
 
28. In your organization what resources are used to implement the enterprise 
architecture 
 
29. Please elaborate the parts that are functional and non-functional in the 





30. In your organization what are the inherited structures (e.g. business, 
applications, infrastructure) in the architecture 
 
31. Please list down different components of your organizational IT environment 
(e.g. software, hardware, staff, modeling tools and languages) 
 
32. Please describe any system development or project management method that 
is used for developing information system or executing a project in your 
organization 
 
33. What business planning communications for business strategy and 
information systems planning activities are available in your organization 
 
34. Please describe whether information systems in your organization deliver 
business strategies to help you 
 
35. Please describe the recent business functions that have  been reviewed and 
updated to fulfill customers requirements and supported technologies  
 
Section IV: Respondent’s Background 
 
36. Gender    
 
[ ] Male 







37. Age    
 
[ ] 20-30 
[ ] 30-40  
[ ] 40-50 
[ ] More than 50 
 
 
38. Education   
 
[ ] High School  
[ ] Graduate   
[ ] Post Graduate 
 
39. Current Position  
 
[ ] Executive/Management (CEO,VP)  
[ ] Middle Manager 
[ ] Supervisor 
 
 
40. Annual Income 
 
[ ] Less than $20,000 
[ ] $20,000 - $40,000 
[ ] $40,000 – $80,000 
[ ] More than $80,000 
 
 
Thank you for your cooperation 
